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ABSTRACT
The application of the four-color process to printing
fine line work found on topographical maps was investigated.
A description of the mapping process is included and the
reason why the four-color process would be advantageous to
cartographic printing was discussed. The chapter on
four-
color process theory was included for the benefit of the
cartographic community -
The experimental design for data transfer, color
tolerance, target design to match spot and process color, as
well as color space employed, were reviewed. The reasons for
the use of a direct digital proofing system were explained.
The results of data transfer were evaluated and
solutions obtained for limitations in the transfer
mechanisms. Color tolerances were established using the CIE
LAB color space and two image maps. Using colorimetry, test
targets matching the spot color to its equivalent process
color were evaluated and found to fall within the established
tolerances .
Three topographical maps were produced totally in the
digital domain. The Cartographic Community carefully
vi
evaluated these products and deemed them as the preferred
method for generating topographic maps .
The results of this study can be interpreted to
show
that the four-color process system is the most advantageous




Maps and Charts are composed of screen-tints,
symbolization and text. Symbolization includes line work
which can be extremely fine in width; the problem is: can the
four-color process create line work of the same legibility
which is presently achieved using spot-color? An example of
spot color utilization is the printing of fine map contour
lines depicting surface relief, by using a brown solid ink
rather than a combination of cyan, magenta and yellow dots.
The Production of Topographical Maps
at Energy, Mines and Resources, Surveys
and Mapping Branch - A Background
Map Classification
As Robinson states :
The entire field of map making is usually thought of
as consisting of two distinct phases. The first is
concerned with the detailed large scale topographical
mapping of the land or charting of the sea. The
remaining large proportion of cartographic activity
is less clearly defined, being usually thought of
merely as smaller scale, special cartography or
simply as not the first
mentioned.1 He further states
that: this group, (the first) which includes the
great national survey organizations, national land
offices and most military mapping organizations,
makes the basic maps from which other groups start. 2
This thesis is concerned with the first group, namely,
topographical maps for the following reasons :
1. All aspects of Topographical Map production,
including symbolization, are/or are in the process
of being precisely defined and standardized.
2 . The Topographical Map contains the fine line widths
and symbols necessary for experimental design.
3. If the four-color model can be applied to
topographical maps, it can also be utilize with
acceptable results for all other types of maps and
charts within the limits of the color gamut.
The Production and Reproduction
of Topographical Maps
After an appropriate system of geodetic reference points
has been established, the required area is photographed using
aerial mapping cameras . These photographs are taken at a
certain height determined for accuracy considerations related
to the scale of map being reproduced. Each photograph is
sequenced to overlap in-line about 60% between photographs
and 30%, between flight lines to produce good stereo models.
This insures continuity between models and also permits the
densif ication of the existing geodetic reference points using
photogrammetric procedures.
After each mission is completed, the aerial film roll is
inspected. Diapositives, usually corrected for earth
curvature and lens distortion, are made from the aerial
negatives. Supplementary control points are first selected
as needed and then marked on each diapositive by drilling a
small hole in the emulsion. These points will later be used
to set up or "orient", each stereo pair in a photogrammetric
instrument for plotting; their spatial coordinates are
derived using a procedure referred to as aerial
triangulation. The oriented stereo pair or model is then
measured using a floating mark. Since the machine
coordinates of the floating mark can be recorded, ground or
map coordinates can be derived by an appropriate
transformation consisting (for properly oriented models) only
of a scale change and a translation. Since any point is seen
from two different exposure stations, its coordinates can be
derived by intersection. If the floating mark is placed on
non-corresponding points in the two images so-called
parallaxes result. Removal of a horizontal parallax
corresponds to a change in the height of the floating mark;
vertical parallaxes are removed during the orientation of a
stereo pair.
The next step in the process is to extract the necessary
features . All planimetric detail such as road networks is
captured, and contours overlay are derived by following the
terrain with the floating mark just touching the seen terrain
surface. In the past, these data were drawn directly onto a
manuscript which was then hand scribed. The cartographic
compiler edited as he scribed the data. For example, if a
contour line fell on top of a road he would move the line for
convenient legibility. This system has now been digitized.
In the present system the plotter operator extracts all
information directly in digital form. Instead of plotting a
line representing a road, he/she now makes discrete readings
along the road network. These coordinate readings are then
assigned additional, suitably coded information, such as
feature type.
These encoded data are imput into a mini computer onto a
file created for a map sheet . It is important to note that
the output data are not edited.
The editing function is performed on cartographic
editing stations consisting of two screens or split-screen
capabilities. One screen shows the overall map sheet and the
other gives enlarged views of portions of the sheet. These
systems can create numerous overlays of data. For example,
the first class roads can be assigned to one overlay.
Cartographic editing is performed and a new file is created.
An automatic plotter outputs the file with respective
overlays scribed. The plotter can also utilize a photo head
to create symbolization.
The map overlays are then provided to the Map
Reproduction Centre for producing combined negatives
necessary for printing the
sheet. It appears that two
distinct process steps are involved: Topographical Survey
producing map overlays and the Map Reproduction Centre
producing combined negatives for plating. The mapping
process however is interactive; the interaction has been
omitted from the discussion for reasons of simplicity -
Overlays Produced on a Topographical
Mao and the Combination Procedure
Topographical Surveys produce the following overlays:3
Black
1. Culture, boundaries and names for townships,
National and Provincial parks, Indian reserves, and
provincial international boundaries (line only) .
2 . Open Windows for :
a. township boundaries
b. park boundaries
c. Indian reserve boundaries
d Provincial boundaries
e. International boundaries.
3. One stick down overlay for black type.
filllfi.
1 . Hydrography .
2. Inundated land key.
3 . Key of swamp areas .
4 U.T.M. (Universal Traverse Mercator Projection) Grid.
5 . Type overlay for the hydrographic type .
6. Type overlay for the Grid.
Bed.
1. Roads, International Boundaries.
2. Type overlay for road classifications.
Orange
1. Roads (secondary).
2. Type overlay for classification.
CSH
1. Key line outline.
Brown
1 . Contour lines .
2 . Type overlaps for contour type, brown overlapping
grid, eskers and other symbols .
Glacier Blue
1. Glacier key line.
2. Open window negative.
3. Screened vignette from glacier key.
The Reproduction Division produces the following
combined negatives:4
lak
1st exposure Culture - solid
2nd exposure Townships screened 10%-105, 133 L.P.I,
3rd exposure Parks and Indian Reserves
Screened 15%, 45@ 65 L.P.I.
4th exposure Provincial Boundaries
Screened 25%, 45@ 65 L.P.I.
5th exposure Black type




open window for river and lakes
screened 10%, 45@ 133 L.P.I.
swamp open window
screened with swamp symbol +30% tint
0133 L.P.I, as a single sandwich
exposure
U.T.M. grid line and Type







Open window - Inundated areas - symbol
screen @180 broken line only
-
solid
blue type - solid
This is the blue combined negative.
W_D.
1st exposure Contour line and eskers - solid
2nd exposure Contour type - solid
3rd exposure U.T.M. Grid Correction - solid
-
used
on every sixth sheet of 50,000 produced.
This is the brown combined negative.
Bed.
1st exposure Built up areas. Interior open window.
Screened 30%, 75@ 133 L.P.I.










4th exposure Type - solid
This is the red combined negative.
Qranae




2nd exposure Type for roads - solid
This is the orange combined negative
Green
1st exposure Open Window - screened 30%, 45 0133 L P.I.
Glacier Blue
1st exposure Screened vignette negative.
These combined negatives are used for plating and
printing. It is obvious that there is a lot of time and
effort involved in the traditional method of producing a map.
In the case of a topographical map, there is a minimum of six
colors. If a glacier is required, seven.
Other types of mapping, such as geographical maps
normally use more colors; typically about eight or nine, and
in some cases as many as 18 individual spot colors. Four
color mapping with process colors would greatly reduce cost
and turnaround time.
However, as Phillips states "misreading a map can be
wasteful, inconvenient or even dangerous, maps should be
designed to be as legible as possible".5 It follows that any
four=color process scheme must account for legibility and
produce a map equivalent to maps produced using spot colors .
Present and Future Trends
A major initiative by the Survey Mapping and Remote
Sensing Sector of Energy Mines and Resources is to populate
the National Topographic Data Base. This is a spatial data
base that has two distinct purposes; to support a national
mapping program for new mapping and revision of old and to
provide the core information to the Geographic Information
Systems community (G.I.S.). G.I.S.'s "are computer-based
systems that are used to store and manipulate geographic
information"6. In order to support the G.I.S. community the
data base is topologically structured. "The topological
model is the most widely used method of encoding spatial
relationships in a G.I.S. Topology is the mathematical
method used to define spatial relationships"7. The data base
should also be seamless and not based on the map grid system.
For example, if an analysis is performed to find the optimum
routing through a road network, it
can be performed without
using the coordinate data.
"This avoids the time-consuming
calculations needed to derive spatial relationships from the
geographic coordinates"8. Another example, when a road
network is being revised it needs to be updated on more than
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the sheet boundary defined by the Grid Zone Designation or it
is not useful to G.I.S. applications. Since each G.I.S.
application is unique, "on
demand"
printing is an extremely
desirable feature. To achieve this, the utilization of a
direct high resolution digital proofing system is required.
These systems are supported by the four-color process model.
Furthermore, the color control afforded by the conventional
color electronic pre-press system is required.
In this particular experiment the data was generated on
a cartographic system in the digital domain. Initially this
researcher considered scanning the reprographic material
because of time constraints in completing the study. W.
Smith, a British author reviewing Scitex systems of Reprocart
in Holland, points out that :
Because raster and vector techniques are both
available the conversion of scanned images to vector
files is relatively simple
-
a great plus point for
maps requiring relatively frequent updating and
revision . 9
However, experience has shown that although the technique is
simple, it is extremely slow in editing the vector data and
not practical when G.I.S.'s require positional data and not
the scanned cartographic file. Appendix A has a brief
description of the editing process. As stated, the editing
process starts with the steps of Data Integration where the
data from the National Topographical data base is merged with
data from other data bases such as the Administrative
Boundaries from Statistics Canada and the International
11
Boundary Commission. This creates the graphics file on which
both interactive and batch processing takes place. A
significant advantage for both cartographic editing and
assembly on the electronic pre-press system is that batch
processing can be used to speed up the process. After the
file is completed, it is formatted from the systems vector
format to PostScript for transfer to the electronic pre
press system. This eliminates the need for creating all the
scribe coats and the associated layers of reproductive
material previously mentioned. A savings in excess of
fifteen thousand dollars per map sheet can be realized by
eliminating this costly and labour intensive step.
Continuous advances in the application of satellite
imagery to cartography are being made. Satellite data can
either be used to update existing maps or to generate "Image
Maps"10 where selective layers such as the road networks and
hydrography are combined with the satellite image to form a
map. Image maps are presently being investigated as an
alternative method of mapping Northern Canada
-
approximately
1100 maps. This data is continuous tone and requires the use
of the four-color process for output.
New mapping by stereo-compilation is both slow and
expensive. Even. the revision process is relatively slow
especially in the case of major revisions. However, new
scanner technology is changing this scenario. Fast flat bed
scanners with high resolution and high geometric accuracy for
12
mapping are now available. In the past, to achieve adequate
resolution and geometric accuracy, scanning was extremely
slow and not practical. Today scanned stereo pairs from
aerial photography or satellite data can be input into an
image analysis station where they can be viewed on screen in
3D usually using special glasses. This stereo pair can be
used to extract image data as in conventional photogrammetry .
However, since the field of view is extremely wide as
compared to conventional compilation instruments, information
is gathered much more rapidly. It is also possible to
combine the scanned aerial photography with a digital
elevation model (DEM) to create an orthophoto, or to combine
it with existing map data for map revisions. This procedure
is much faster because you are still able to employ the third
dimension with a wide field of view in updating the map.
Output of image maps to the color electronic pre-press system
is also possible.
Any increase in the throughput of information requires
that the output system is capable of delivering the data.
Utilization of the four-color system to Geomatic applications
makes this feasible.
The above description of the mapping process is not
intended to be all inclusive but only to highlight some of
the reasons why utilization of the
four=color process system
would be highly advantageous.
13
The four-color process model will be described
in the next section.
14
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FOUR-COLOR PROCESS THEORY IN LITHOGRAPHY
Introduction
It is important to describe the four-color-process
theory especially as it relates to map printing. Many charts
and maps are reproduced using the four-color-process inks and
referred to as four-colour-process printing. However, much
of this printing reproduces line work as solids using these
inks or substituting for example, blue for cyan. Another
commonly employed method is to screen all line and type in
black. In an experimental topographical map produced at
Surveys and Mapping Branch (Canada) , the brown contour lines
were produced using a solid yellow and magenta combined with
a screened black. The difficulty in utilizing transparent
inks printed as a solid is, as Yule points out:
Line work consists only of solid ink and white paper
with no intermediate tones . It may be compared to
the halftone process in which the contrast has been
increased to such an extent that in each of the
printing images no intermediate tones exist .
Consequently only a very limited number of colors can
be reproduced.11
These methods limit the gamut of colors that can be
reproduced and their use would be a severe limitation in
producing maps and charts .
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The Four-Color Process Moriel
Yule states:
Starting with the reflecting surface that reflects
light of all colors fully (white paper) , three inks
are used to absorb red, green and blue light
respectively- These inks are printed in amounts
proportional to the red, green and blue absorption of
light by the original. The reproduction would be
expected to absorb the same amount of red, green and
blue light as the original and should therefore
closely resemble the original.12
This selective absorption by inks is the bases of
trichromatic subtractive color reproduction. Clulow
summarizes subtractive color mixing and its relationship to
the additive theory as follows:
Processes of subtractive color reproduction employ
the yellow, magenta and cyan primaries which on first
impression seem to be quite different from the red,
green and blue primaries used in the additive methods
of color reproduction. But the subtractive yellow
primary removes blue and violet from white light, the
magenta absorbs yellow and green and the cyan
including white can be produced by additive mixtures
in various portions of red-orange (red) yellow-green
(green) and blue-violet (blue) . It follows that the
subtractive primaries acting as absorbers of red,
green and blue light may be regarded as controls for
the red, green and blue parts or thirds of white
light. By varying the amounts (concentrations,
thickness or areas) of the subtractive primaries on a
white surface, the intensities of the primaries red,
green and blue portions of the reflected white light
are altered and if this is done adequately a wide
range of colors can be produced. It will be
recognized therefore that both the subtractive and
additive methods are actually based on the same
principle and linked with the triple characteristics
of color vision, although the two methods differ in
manner . 13
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The triple characteristic of polor vision referred to is that
the eye has receptors (cones) sensitive to red, green and
blue.
An obvious question is why utilize the subtractive
process when as Clulow states:
Progress in the general use of subtractive trichromatic
color reproduction has been hampered however by
complications and the deficiencies arising from
superimpositions of layers of imperfect yellow, magenta
and cyan dyes or printing inks which make an exact
theoretical analysis in terms of three color mixture
much more difficult than in the case of additive
processes.14
If the deficiencies of cyan, magenta and yellow inks make the
process difficult, why not use the additive process?
Clulow describes an experiment where color filters
(additive) are superimposed on white paper. Seventy-five
percent of the incident light is absorbed by the filters and
paper fibres and a further seventy-five percent of the
reflected light is removed resulting in a dark image . White
is reproduced as a dark grey. The difficulty is that the
additive process only reflects one third of the spectrum
while absorbing the other two thirds . This is contrasted
with the subtractive process which ideally absorbs one third
of the spectrum and transmits or reflects two thirds, giving
enough light to yield a bright reproduction. "White is
provided by the paper
itself".15 It should be pointed out
that four-color printing is not completely subtractive.
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As Williamson and Cummins point out:
Because of the partial overlap of dots both subtractive
and additive color mixing play a role. Where dots
overlap the color is predicted by subtractive rules;
where they are adjacent the partitive mixing of spacial
fusion brings additive mixing into play. For instance
where magenta and yellow dots overlap a saturated red is
produced but where they are adjacent an unsaturated red
is seen.1*
This effect could, depending on screen rulings, have
important implications for producing lines without hue shift.
The defects of both cyan and magenta inks "reduce the
overall range of the colors that can be reproduced compared
with the range theoretically
possible".17 The cyan ink has
unwanted absorbtion in the blue green region of the spectrum
and the magenta ink has unwanted absorption in the blue
region of the spectrum. A further complication arises in
that cyan has an incomplete absorption of the red and
magenta, an incomplete absorption of the green which means
"that the three primaries together do not produce a jet
black".18 These deficiencies necessitate color correction and
the addition of a black printer. A question arises from the
preceding discussion: Can
all the colors be produced by the
four-color process that exists on maps and charts utilizing
spot colors?
As Clulow notes if one can vary the thickness,
concentration or area of cyan, magenta and yellow a wide
range of colors can be reproduced. In the lithographic
19
process the only choice is to vary the area because neither
ink-film thickness nor concentration can be selectively
varied. By varying the dot areas, selective absorption takes
place and the various hues are created. These dots are
blended "into one multi-colored image"1* termed a 'mosaic
fusion"
Since the eye can't resolve the individual dots, a
continuous color is seen. The deficiencies of the process
color inks are corrected using various masking techniques
which in essence vary the size of the dots in relation to one
another. For example, it is possible to correct for the
deficiencies of the cyan ink (green absorption) by printing
smaller magenta dots wherever cyan is printing. This
relationship of dot area has been investigated by Heugebauer:
using the units of the CLE. system in conjunction
with the probable areas of eight colors derived
mathematical equations for a scheme of color
reproduction based on eight color mosaics.20
The black printer is required in standard four color
process printing because of ink deficiencies previously
mentioned. It is, however, possible to remove any neutrals
in the image by replacing equal amounts of cyan, magenta or
yellow with black. This is termed Undercolor Removal (UCR) .
Burgstein defines Undercolor Removal as "the reduction of the
three basic inks in the neutral grey axis or black areas
only".21 Grey Component Replacement (GCR) is extending
Undercolor Removal to the replacement of any neutral in the
image, i.e. removing the least dominant of the tertiary and
20
replacing it and equal percentages of the other two colors
with black. In map printing it may be an advantage to use
Grey Component Replacement because you are replacing the
third color with a black ink which is opaque and line
definition may remain constant.
Moire is an objectionable "tartan like pattern"22
brought about by the improper orientation of screen tints.
However when lines intersect the:
...intersection is perceived differently than the line
segments that join them. This perceptual weighing of
intersections is the basis of the whole range of moire
effects. Since the spacing between crossings is very
sensitive to the orientation of the two screens drastic
changes in patterns are observed when one screen is
rotated very slightly with respect to one
another.23
Since maps consist of lines that intersect, this phenomena
may prove troublesome in reproducing lines with the
four-
color-process .
The preceding discussion of the four-color model
suggest variables that must be investigated to successfully
print line work with four-color process. Hue shift, moire
pattern, additive and subtractive effects all could lead to
lack of legibility.
THE HYPOTHESIS
The four-color process model can be utilized to produce
fine line work without hue shifts, moire patterns or broken
lines.
21
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The experimental design was intentionally simplified in scope
in order to accommodate as many types of Geographic
Information Systems as possible. A flow diagram of the
experimental design is drawn below to show the main processes













The initial task was to transfer the digital data from
the cartographic design station to the digital output system.
The original means of data transfer investigated, was the
Standard Interchange Format (SIF) . A Scitex R280 editing
system was used to convert the vector data into raster data.
This method was discarded for the following reasons:
1. Symbol libraries comprising of points, lines, and
polygons need to be constructed on both the
cartographic and digital output systems. This
approach would be unwieldy, that is, it would not
support thematic mapping and the Graphical Information
Systems community because symbolization is never
standard.
2. The symbol libraries, once created, were resolution
dependent. For example, if a symbol was created at 40
lines per millimetre and needed to be output at 80
lines per millimetre, a separate symbol had to
be created.
3. The Scitex R280 has a 32000 pixel limit which
means that as resolution of the output file increases,
size decreases. Because of this restriction, it is
not possible to output the topographical map at 72
resolution (72 lines per millimetre) necessary for
high quality type and line work. Using the four-color
process with 20 resolution (20 lines per millimetre)
24
necessary to achieve the output size would result in
line breaks and closure problems .
4 . Vendor and client support for the Standard
Interchange Format has decreased dramatically,
therefore, it was felt that a more universal transfer
protocol would be appropriate.
The PostScript page description language was selected
for data transfer because it is widely used in the publishing
industry and does not have the constraints and limitations of
the Standard Interchange Format protocol. This transfer
method also had the benefit of utilizing the more conventional
color electronic pre-press systems .
PostScript is a programming language developed by Adobe
Systems which converts text and graphics into mathematical
descriptions which in turn can be interpreted by a printing
device for imaging on various substrate. It is an
interpretative language using reverse Polish notation with a
"stack"
orientation:
A stack is a piece of memory set aside for data which is
organized in such a way that the last item put in is
the first item available to be removed. This type of
data structure is referred to as a last in, first out of
LIFO stack 2A .
The advantages of using PostScript (other than its large
use in the publishing industry and facilitating the
cartographic community in the application of a more universal
platform) are:
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1 . PostScript is device independent which avoids the
user being locked into a vendors total system.
2. It is resolution independent. The quality of output
depends entirely on the PostScript device and not
the PostScript file.
3. PostScript carries type setting attributes such as
type face, type style, point size, character
spacing, expansion/condensing factors and leading.
The file can also carry character definitions for a
font if it is not supported by the output device or
interpreter .
4 . PostScript presently supports the following
models: hue/saturation brightness/red/green blue/,
and cyan/magenta/yellow/black. A newer version of
PostScript will also support CIELAB.
In this particular study the Scitex Visionary Interpreter
for PostScript/2 was used for raster imagery processing. The
Scitex III and the Scitex Prisma color electronic pre
press systems were used for line work assembly and color
assignment. The final map sheet were output on a large format
IRIS 3047 ink jet printer.
After the transfer protocol was established it was
necessary to determine the
variations on the Miller seven
color press used for printing. This was necessary to
determine what color tolerances were possible between the spot
26
color used on conventional mapping and the resulting color
created using the four-color system.
The only regularly printed maps in four-color were image
maps which employed satellite data and selected topographical
overlays. These maps were a joint research project between
this researcher and Mr. Doug O'Brien. 25 These images also
have large ink coverage so press variations would be very
evident. The four-color control strips on the Miller press
were cut off of production sheets pulled at random for two
different image maps and numbered. The following figure shows
the position and naming designation where the cyan, magenta,
yellow and black control patches were located:
Miller Press Control Strip
Position A Position B Position C
M Y K M K M K
Figure 2
The SuperANOVA statistical package was used to generate
random numbers for 40 samples. The appropriate samples were
then selected from the control strips and read on a Color
Machine spectrophotometer equipped with a custom aperture
of four millimetres. CIELAB readings were obtained using
O0/450
geometry,
10 observer and D 5000 illuminant . The data
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was tabulated in Microsoft Excel and imported into Data
Desk for calculation of the standard deviations.







i,b*i= CIELAB values of the first sample.
L*n a*n ,b*n-CIELAB values of the nth sample.
A general form of this equation is:
AE=V(AL*)2+(Aa*)2+(Ab*)2
In this investigation it was decided to:





difference formula which would then predict the color from the
centre of all data points to a boundary location which 95% of
all data would fall."2*
The equation at two standard deviation is:
AE=V(2xaL*)2+(2xaa*)2+(2xab*)2
Conventional map reproduction uses spot color. A color
book printed with screen tints of various percentages was
designed to achieve the required printing percentages. In
order to approximate these spot colors with the equivalent
cyan, magenta, yellow and black, the
TRUMATCH system was
used. Two people with known color discrimination matched the
true matched patches in a color booth with illuminant D5000 .
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The closest values were obtained. If a visual match was not
possible, the in-between value was estimated. A Pantone
guide with
Scitex'
s equivalent cyan, magenta, yellow and black
was used under the same matching conditions.
The TRUMATCH color system was employed because :
1. It uses a visually proportioned gradation of color in
yellow, magenta, cyan and black in 1% increments.
2 . It represents a much larger color gamut than is
presently employed with the spot color book.
3. It was generated using a digital system at 150 line
ruling, and printed using Brunner controls on an
offset press with SWOP pigments. These parameters are
similar to the ones presently employed on the Scitex.
4 . It was more convenient than trying other methods,
such as Neugebauer equations, for approximating the
spot color with cyan, yellow, magenta and black
equivalents .
A large format IRIS ink jet printer was employed as the
final output device for evaluation because the final three map
sheets will not be printed until late Fall 1992 because of
re-
editing. The IRIS printer has been a good predictor of the
final printed product. In the previously mentioned image map
products, close visual matches
were obtained between the IRIS
printer and the final printed products. These products also
have line work overlays, type and other surround information




mapping where printing may not be
required. This implies that an original IRIS proof can be
matched to by other processes with some degree of confidence.
In this experiment all manufacturers recommendations for set
up calibration and maintenance were followed. This is very
critical with the IRIS if color consistency is to be
maintained.
The IRIS printer is connected to the Scitex system and
utilizes TRANS/4 software and hardware to give consistent
matches to the proofing material and press output. It also
has the advantage of using hardware/software to achieve sharp
line work and text on the IRIS printer. The IRIS printer
without TRANS/4 produces jagged text and line work because it
only accepts continuous tone files which are at a relatively
low resolution (12 lines per millimetre) .
In this experiment TRANS/4 was used to output the map
products as well as generate color transformations. The
system uses look up tables to create the color transforms
which correlate input values of the IRIS proof versus the
output values of a conventional proof or printed product. The
look up table used in this experiment was
created by reading
666 patches on the IRIS and 3M
MatchPrint
proofs. The Scitex
system generated the color transforms. The standard table was
created using the density controls on the IRIS to visually
match printed image map products.
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A test target was created on the Scitex system consisting
of a series of two inch squares . These targets were generated
because (except for water fill, forest cover and built up city
areas) most of the colors were used for fine lines which are
difficult to measure. All samples, as well as the appropriate
screen tints in the color book, were measured with an X-Rite
colorimeter. The spectrophotometer was not used in this case
because the X-Rite is an integral part of the TRANS/4 on the
Scitex system and was used to build the numerically
dimensional look up table. There was also concern
that inter-instrument metamerism would affect the final








































The CIELAB readings were taken of the IRIS samples and
the original color book and the AE's were calculated in
Microsoft Excel. Cuts of the map product were also outputted
simultaneously for the different look up tables and compared
visually to the color book and samples. The IRIS proofs of
the three map sheets using the appropriate look up table were
sent to the Canada Centre for Geomatics for acceptance as an
alternate method of producing topographical maps.
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r Addison-Wesley Publishing
Company, Don Mills, Ontario, 1987 Page 7
25. Uaid.f Page 10.
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Printing Industry,. 5th edition, Laboratory for Quality
and Productivity in the Graphic Arts, Rochester





PostScript was selected for the previously stated
reasons. First attempts to import PostScript files were only
partially successful. As stated, PostScript is device
independent, however, in this case the device driver was
built for an 8 1/2 inch x 11 inch sheet of paper so the map
format (approximately 27 inches x 34 inches) was reduced to
this size. The manufacturer remedied this problem and
another file transfer was attempted. Because there was no
nine track tape drive attached to the Maclntosh/Scitex
Visionary Gateway, which is one of the raster image
processors used, the files were read in through the Scitex
R280. The file was transferred via a PC link to a computer
where it was post processed and then finally transferred to
the Macintosh via a Tops network. This is an extremely slow
procedure but was done simply for verification of the
process. After the link was established, it was discovered
that the files would not process on the Scitex raster image
processor.
The PostScript files generated by the cartographic
editing system were
compared with files from another system
Autocad. it was determined that the VAX computer was
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placing its machine codes in the header information. These
codes were edited out using the editor in Fox
Base to search
the files and restructure them in proper PostScript code.
When this was accomplished, the files would process on the
raster image processor.
The problem with implementing the PostScript language
illustrates the problems encountered with most of the
cartographic and geographic information systems
implementation of PostScript . Adobe published a PostScript
Language Reference Manual which outlines the necessary
parameters for file transfer. Most of the implementations do
not adhere rigorously to these guidelines . In the case of
Scitex, the raster image processor contains an Adobe kernel
which ensures adherents to the specifications.
In this particular experiment, text was not true Adobe
downloadable PostScript fonts, but were line strings. In
true PostScript, text is "presented and manipulated in
PostScript as strings"27. In PostScript before a show command
will display a font, you need to:
"- define the font you intend to use
-
set the point size of the font
- set the font and size as the current font
- establish the current point where you want the
text to
print"28
The use of the a true downloadable PostScript font
allows more editing and font changes
if needed. In this
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study, the font is simply another line work string and can
not be edited as text. Most Cartographical/Geographical
Information systems are now just starting to implement high
quality PostScript fonts in their systems.
Once the data transfer was accomplished, a more
efficient method for transferring the files to the raster
image processor was implemented.
A SUNSparc work station was interfaced to the Scitex
Visionary Interpreter for PostScript /2 through Ethernet.
Since both of these systems operate under UNIX file editing
and transfer were greatly enhanced. The files were post
processed using the VI editor in UNIX. A map was processed
and proofed on the IRIS printer. Here a major issue with
PostScript was discovered. Figure 4 on the next page
illustrates the problem. PostScript operates with a last in
first out stack. One file automatically masks the other
file . In general this is ideal but there are cases where you
want transparency. PostScript only allows overprinting at
100%. In this example, all surveyed boundaries need to be
transparent at 15%. In the first example of Figure 4, the
lake breaks up the
boundary- The second example, the
boundary hides a portion of the lake, and the third example
shows where the boundary and lake are transparent with
respect to each other. These boundaries are relatively large
.050 of an inch or 1.25 millimetres and would effect the
underlying features .




Combination of lake and boundary
Figure 4
transparent is the blue grid which overprints all the colors
on the map .
The solution to the problem was found in the Scitex
system. In the line work place command, there is the ability
to substitute a color. The system needs to know which is the
base and the movable file. Once this is determined the
system prompts for the output channel and the cyan, magenta,
yellow and black values. In this case it's a summation of
the base and the movable file. Using Figure 4 as an example,
the base file would be the lakes made up of 12% cyan and 3%
magenta. The movable file would be the boundary made up of
15% black. The new output channel would be 12% cyan, 3%
magenta and 15% black. This would give the third example in
Figure 4 where you see both the lake and the boundary merged.
This solution works well but has major implications. In
the first place, the PostScript files must be kept separate.
It is not possible to have just one file. The minimum number
would be three. These would consist of one file with all the
information except the blue grid and boundaries, one file for
the blue grid and one for the boundaries. The interactive
editing takes approximately three days.
If
"transparency"
were not an issue once all the parameters were set-up (i.e.
color) and they don't change in topographical mapping, it
would be a matter of raster image plotting and no active
editing involved. Other
scenarios will be discussed in the
recommendation for future research section of this paper.
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In this study, some special symbol fonts such as
intermittent lakes were transferred from the Scitex R280 and
not generated on the cartographic station because they were
not available. These symbols that are not easily created on
the digital cartographic system because they were generated
optically in the conventional system, would be modified.
Other symbols like the boundary are presently created using a
65 line screen ruling. On the Scitex, all the map is
screened at 150 lines per inch, thus, in terms of screen
ruling necessitates changes in the symbols for boundaries.
Color Tolerances
Two image map control strips were used to establish the
amount of variation in a relatively large run for mapping
(5000 sheets) . Dr. A. Ghany
Saleh'
s diagram, included as
Appendix B, shows the number of variables involved in the
printing process. Lecture notes by Dr. Julius Silver also
stress that lithography is color inconsistent because there
are over 65 printing variables involved which are not
mathematically defined, therefore, it is difficult to
attribute causes of variation to random effects.
Lithography, in spite of its short comings, is the choice for
map printing because
it is capable of producing fine line
work at a relatively low cost. The average length of map
printing is approximately
2000 impressions.
The Delta E's for the Ottawa sheet, as listed in Table
1, are typical of the data achieved by other investigators 2?,
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a* 0.8 5 a* 1.57 (a)
b* 0.83 b* 1.01
(a)
L*
0.8 9 L* 0.92 (b)
3.11 4.12
a* 0.87 a* 1.65 (b)
b* 6-52 b* 0.8 3
(b)
L* 2.4 3 L* o.92 (c)
2.27 0 .92































1.37 a* 0.06 (b)




2.39 (c) 5.57 4.79
a* 0.59 a* 0.11 (c)
b* 2.69 b* 0.13 (c)
Table 1
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that is, between two Delta E and 10 Delta E. These delta E's
were calculated using the previously stated formula for two
standard deviations of the mean. From the centre of the
distribution, 95% of all the readings from both sheets were
included using this technique. This method of tabulation
eliminates outliers and other extraneous readings. Except
for yellow in the (b) position at 13.49 and the (a) position
at 8.77 Delta E they are all under 6.00 Delta E. The high
variation is not in the L value as you would expect (light
dark) but in the b value moving from -b (blue) towards +b
yellow. The most probable cause for this fluctuation is the
improper setting of the ink oscillating rollers. Since
yellow is the most difficult color to see virtually it often
goes undetected in terms of hue variations. Shift of the -b
to +b value could be explained by the non-linear scattering
properties of lithographic inks which are not constant
because they exhibit mass tone properties.
The Peterborough image map shows normal fluctuations, as
shown in Table 2, except for the cyan (c) position Delta E
13.82 and the black Delta E 13.49, 10.44 and 13.49. The cyan
(c) position is located at the edge of the sheet where there
is no image area on this job. The ink would tend to build up
at the cylinder gap where it would be deposited on the
control strip located at the leading edge
of the sheet
causing fluctuations
indicated by the values obtained.
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b* 2.32 b* 0.40 (c)
Table 2
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The excessive fluctuation in the blacks delta L light
dark value was due in part to the grid and surround design of
the map. The grid was .003 of an inch and the smallest type
was eight points. It was laid out on the Visionary design
system which uses as its base QuartXPress tm. The black
surround and grid should have been 100% black but instead
were composed of 100% cyan, 100% magenta and 100% yellow. To
make the situation worse the grid was not trapped or
overprinted to the other colors. The resulting design was
extremely difficult to register as well as controlling the
consistency of the black printer. The press person was
adjusting the black printer to hold color consistency of the
surround which caused fluctuations in the values obtained.
This is one of the most common problems in the publishing
industry with desk top publishing3. In mapping, many of the
Geographic Information Systems also create black with equal
percentages of cyan, magenta and yellow creating a problem of
registration and color consistency if it is not interactively
changed on the color electronic pre-press system before the
job goes to press.
Both of these maps were printed with grey component
replacement to create the black printer for the satellite
image map where the
original image was composed of red,
green, blue and then
converted to cyan, magenta and yellow,
so there would be black ink in the grid and surrounding
areas.
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From the results of this data it was decided that the
color matching to spot color with the appropriate percentage
of process color should be within 9 Delta E values. The
spectrophotometric readings, the calculation of standard
deviations and the calculation of Delta E are listed in
Appendix C
MATCHING THE SPOT COLOR WITH PROCESS COLORS
The Color Guide shows ten different screened values and
the solid for each of the spot colors used in mapping. Figure
5 on the following page shows the layout . It can be seen that
the Guide accounts for an averaged dot gain. This
is a typical dot gain but in reality it changes for each
sheet . This color guide was used as the original to match
with the Trumatch colors.
The following are the results of the match MacBeth
viewing booth.
Blue (water)
In-between Trumatch color number 33 g consisting of
yellow zero, magenta two, cyan eight, black zero and Trumatch
color number 33 f consisting of yellow zero, magenta six,
cyan 20 black zero. The new color chosen was yellow zero,
magenta four, cyan 14 black zero.
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ID. % SCREEN DENSITY % PRINT
PATCHES IMPRESSION
A 3 .12 7
B 6 .15 12
C 12 .18 19
D 22 .27 31
E 30 .36 41
F 40 .44 52
G 52 .57 68
H 66 .71 82
I 77 .81 90
J 87 .84 94
SOLID 100 .90 100
Figure 5
Solid Blue
Trumatch color numbers 34-A1 yellow zero, magenta 45,
cyan 100, black six.
Blue (Grid Screened)
Trumatch color numbers 33 d yellow zero, magenta 14,
cyan 44 and black zero.
Brown (contours)




Trumatch color 18 p yellow 25, magenta zero, cyan 21 and
black zero.
Red (Built-up areas!
Trumatch color number 3 e yellow 20, magenta 35, cyan
zero and black zero.
Solid Red
Trumatch color number 5-A yellow 85, magenta 100, cyan
zero, black zero.
It was not possible to match the desired orange hue with
the Trumatch system so the Pantone book on uncoated stock was
used and the Scitex equivalents for cyan, magenta, yellow and
black were identified in their listing.
Orange
Pantone number 150U, yellow 88, magenta 36, cyan zero.
TRIS Printer Setup
A large format IRIS 3047 (34 x 46.8 inches) ink jet
printer was used for final output of test maps and the three
topographical maps. In order to ensure color consistency the
following checks were run:
1. the ink jet nozzles, deflection assembly, and bib
were cleaned. (see figure 6)
2. the knife edge was adjusted (see figure 6)
3 . test patterns were run and the convergence and
registration of the four ink jets were checked As
well the optimum frequency for the crystals that
control formation of the ink droplets was
determined.







































Figure 6 also shows that the uncharged droplets pass through
the charge tunnel and strike the substrate
attached to the




There were two distinct types of color match look up
tables created. In the first method the look up table is
created in the Front End Processor (FEP) and is summarized in
the IRIS manual page 50 as follows:
1. Run test patches of the primaries - according to the
Step-Wedge Pattern described above and in Figure 6-1
-
on the system used to produce the original image -
in densities from 0% to 100% dot in increments of
10%.
2. Use the FEP paper tinting feature to match the color
characteristics of the original printing substrate.
3. Use of the IRIS FEP Density features to match the
density of each color at 100% dot. If the data
source does not use the full range of data values (0-
255), first specify a 0% dot and 100% dot value for
a CLT and activate the CLT.
4. Use the FEP Hue Table features to
"mix"
the IRIS
primaries to match the hue of the original primaries
-
again at 100% dot.
5. Adjust the Density again if necessary to compensate
for any overall density increases introduced by Hue
Correction.
6. Use the FEP Contrast features to match the 0% to 90%
sample densities as closely as possible.
7. If you feel that contrast still does not achieve an
adequate match, create a Color Lookup Table to apply
a non-linear contrast curve to the source data.
8 . Save the values for use with other images from this
source .31
These look up tables were used initially to match the
output of the IRIS to the printing press with previous image
maps runs .
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In the second method, the color transform files (type
NDL) were created on the Prisma station. For this particular
study the NDL was obtained from Trans/4 course at Scitex
Bedford, Massachusetts on April 12, 1992. The procedure is
to output the test target, measure the 666 patches in this
case (the full target is 1331 patches) measure the proof or
press sheet you are trying to match (the same patches 666 are
outputted on film and then either proofed or printed) and
download both of these patch data from the X-Rite colorimeter
to the Prisma station. The system creates an NDL which has
an associated score. A score of eight or nine is good. In
this particular case a score of nine was obtained.
These color transfers can be further refined by editing
individual matches to obtain a very close match between the
IRIS and either a press proof or a traditional proofing
system. The test targets were outputted as shown in Figure 3
page 29 with the first lookup table generated twice to
confirm repeatability and the custom color transform
identified as NDL. The data is tabulated in Tables 3 and 4
on pages 4 9 and 50. The Delta E's were calculated using the
general form of the equation as shown below:
AE=V(AL*)2+(Aa*)2+(Ab*)2
The calculations are listed in Appendix C
It should be noted that these are not at two standard
deviations but are the actual range of the values. Repeated
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COLOR NO. ORIGINAL NORMAL 1 NORMAL 2 NDL
112 B Blue
L*
89.80 88.18 88.30 90.41
a*
-1.30 3.00 -3.00 -1.40
b*
-1.40 -7.84 -7.76 -4.64
112 S Blue
L*
71.20 70.08 70.11 72.98
a*
-6.70 -13.50 -13.60 -6.90
b*
-15.88 -24.60 -24.44 -15.72
112 F Blue
L* 55.95 44.82 45.42 48.79
a*
-15.10 -16.40 -16.80 -17.80
b*
-29.48 -35.60 -35.40 -24.84
121 S Red
L* 49.34 43.31 43.24 42.80
a* 54.10 60.40 60.50 59.40
b* 17.92 21.84 21.84 18.08
121 D Red
L* 83.49 73.59 74.00 78.13
a* 16.30 23.20 23.20 18.80
b* 4.20 8.36 8.08 4.92
130 D Brown
L* 55.79 57.69 57.72 58.88
a* 22.10 25.20 25.10 21.90
b* 26.60 39.52 39.52 30.72
141 D Green
L* 89.10 83.24 83.66 86.88
a* -9.90 -10.40 -10.20 -5.60
b* 7.16 5.36 5.16 2.28
167 S Orange
L* 73.38 70.13 70.64 72.45
a* 39.40 27.70 27.20 31.80
b* 44.60 51.04 51.96 43.60
Table 3
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Delta E - 6.15 Delta E





Delta E - 13.76 Delta E
- 12.66 Delta E - 7.72
Table 4
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readings should lower the Delta E's obtained. In Table 4
page 50, the highest Delta E was for the blue solid at 9.00
and the lowest for the water blue at Delta E 1.8. Since the
values were under the printing tolerance observed, these
values of the process color were deemed to match the spot
color. It should be noted that even with the spot colored
inks which are not formulated in an in-house laboratory often
result in noticeable fluctuations between batches of the same
colored ink. This is especially noticeable in the printed map
in the vegetation green which usually covers a large area in
the Southern sheets.
Topographical Map Output
The three map sheets were output on the IRIS ink jet
printer. The sheets generated were:
31 G/l edition 9 Huntingdon, Quebec;
72 P/8 edition 4 Punnicky, Saskatchewan;
72 P/l edition 4 Arbury, Saskatchewan.
These three maps were sent to the Canada Centre for Geomatics
in Sherbrooke, Quebec. They were accepted by all concerned
as the method for digitally outputting topographical maps.
The line work on the maps were produced without significant
hue shift, moire patterns, or
evidence of broken lines. The
paper used on the IRIS printer was the semi matt stock. The
matt stock (which is closer to the map printing paper) on the
IRIS tends to streak in a large uniform
polygon such as the
vegetation cover. In fact, the maps generated were of higher
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quality than the existing conventional sheets. The reasons
for this are:
1. There is no refraction of light as is the case when
scribe coats and various map negatives are combined.
2. The Scitex system masks the underlying color, that
is, when the brown contours cross green vegetation
the brown does not change color. The spot colored
brown ink for example, overprint on top of the green
ink which changes the color and reduces the overall
apparent contrast of the map sheet .
3. The dot gain applies only to four color inks rather
than to seven which is typical for conventional
mapping.
4 . The type is all within the digital domain and not
waxed down and contacted to negative material; a
major source of degradation when using conventional
systems .
Direct comparisons are not completely possible because
the existing map sheets for these areas were printed on the
old wet strength paper which has a light yellow caste due to
a lack of optical brighteners. New conventional maps are
printed on the brighter paper.
These three maps are now in final revision and as
previously mentioned,
will be printed in the Fall of 1992.
The major work on revision is mainly directed to corrections
on the black type overlays and will not affect the overall
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appearance of the sheets. IRIS proofs will serve as the aim
points for printing the sheets. Judging from previous
experience gained from several other press runs, a close
match is expected. Cuts of 31/G1 edition 9 Huntingdon,
Quebec with both lookup tables is included in Appendix D
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The results of generating three topographical maps
composed of fine line work were generated totally in the
digital domain with the four-color process as discussed. The
data transfer mechanism color characteristics and visual
appearance were evaluated.
Data Transfer
PostScript was chosen as the prefered method of transfer
to overcome resolution problems with the Scitex R280. This
meant that high resolution line work could be output which
would not have been possible with the Scitex R280. Using the
older system with process color could have broken the fine
lines and in particular the brown contours. The post
processing of the PostScript files was discussed and the
solutions were established. Much of this editing can now be
performed using batch programming. The significant problems
of transparency with PostScript files was reviewed and the
solution found using selective color substitution on the
Scitex Prisma Station. The issue of downloadable PostScript
fonts was discussed. An implementation using PostScript Type
3 fonts is presently underway with the
new cartographic
editing system
purchased from Universal System (CARIS) by
Topographical Survey. In this experiment, time frames were
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not referred to but to solve the data transfer problem took
approximately two years.
Color Tolerances
A spectrophotometer was used to measure the CIELAB
values on two image maps to establish color tolerances
obtainable on the press. Since these image maps have large
ink coverages, fluctuations were to be expected. Any high
Delta E values were explained. In the case of the Ottawa
sheet, Delta E for the yellow were 8.99, 13.49 and 5.57. The
cause of this was thought to be excessive ink coverage in the
cylinder gap depositing ink on the control strip located at
the leading edge of the sheet . All the other process colors
were under five Delta E. In the case of the black printer on
the Peterborough image map high fluctuations . In the Delta E
of 13.4 9, 10.44 and 13.44 respectively were explained as
inherent design problems . The large cyan Delta E 13 . 12 in
the C position were not in the image area and it was felt
this reading was extraneous . A value of under nine Delta E
was assumed to be a match.
Matching the Spot Color with Process Colors
The Trumatch system on uncoated stock was used to match
the Color Guide of spot colors used in topographic map
printing. The percentages of cyan, magenta, yellow and black
were determined. Every color except the orange was matched.
It was matched with the Pantone System and the Scitex list of
equivalent percentage of cyan, magenta, yellow and black was
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used to match the Pantone number. These values were used in
creating a target for color evaluation.
IRIS Setup
All manufacturers recommendation for maintenance and
calibration were followed. The large format 3047 IRIS
printer gives consistent results and matches the printed
sheet if these guidelines are followed.
Test Target Evaluation
Two different look up tables were used to plot the
target for evaluation of the match between the Color Guides
spot color and the process color used to match it . The first
look up table was created using the Front End Processors
density features to creat visual match between printed image
maps and IRIS proof of them. The second look up table was
created using a Scitex Trans/4 system. A test target was
generated using two inch squares to evaluate the colors on
the map that could not be read on the map because they are
too fine. The resulting outputs from the IRIS were read on
an X-Rite colormeter as were the colors in the Color Guide.
The Delta E's were calculated and found to be nine Delta E's
or less.
Topographical Map Output
Using the data from the test target evaluation, three
topographical map sheets, 31 Gl
edition Huntington, Quebec,
72P8 edition 4 Punnicky, Saskatchewan and 72P1 edition 4
Arbury, Saskatchewan were proofed
on the IRIS and sent to the
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Canada Centre for Geomatics in Sherbrooke, Quebec. The
method using four-color process for topographic map printing
was accepted. The resulting maps were of superior quality
compared to the conventional spot color topographical maps
because there was better contrast and lack of hue shift.
Based on the results of this study, it is assumed that
the hypothesis is valid. This states that the four-color
process model can be utilized to produce fine line work
without hue shift, moire patterns or broken lines.
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CHAPTER 6
RECOMMENDATIONS FOR FUTURE RESEARCH
The symbology used on topographical mapping needs to be
investigated for its suitability for digital reproduction.
In this study of three maps, two symbols, the boundaries with
different screen rulings and the intermittent lake symbols
created optically with spacers needed changing. Undoubtedly,
there will be other features that will have to be changed.
The look up tables created using Trans/4 need further
refinement. Instead of using the 666 patches, the full table
of 1331 will eventually be employed. The look up table can
then be edited to give closer matches than nine Delta E.
The interacting editing steps need to be automated.
Suggestions from other Scitex users at the Scitex America
User Group held in Colorado Springs, August 30 to September 2
1992 suggested that giving the systems or default setting of
zero cyan, zero magenta, zero
yellow and 100% black would
create the proper combination of two channels to form the new
color-32 presently this is done interactively.
In Version six of the Prisma software batch programming
has been introduced. There is a record feature that
memorizes the interactive process and creates a program with
panels that pop up and query
the operator for specifics. It




Some of the other features of revision six will make it
easier to create vignettes used on other types of mapping
such as aeronautical charts .
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FOOTNOTES FOR CHAPTER 6
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Resources and Paul White of Time Mirror Incorporated at
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CARTOGRAPHIC EDITING PROCESS AT THE CCG
1. System Description
Cartographic editing is performed on 4 LaserScan
workstations. These workstations are each based on a Micro
Vax/3100, with internal disk storage of 16Mb, external disk
storage of 332 Mb, a 19-inch colour monitor, a keyboard, a
mouse, an ALTER digitizer and a high precision cursor. These
4 stations are linked to a DEC-NETcluster, for which a
MicroVax/3900 is the server.
The basic software has been designed b y LaserScan Limited
(Cambridge, UK) and allows customization to EMR 1:50 000
polychrome topographic mapping through the development, by
the CCG, of programs (Fortran, C) and Macros.
2 . Data Integration
Most of the basic data needed in cartographic editing for the
EMR 1:50 000 polychrome topographic mapping comes from the
National Topographic Data Base (NTDB) . These data are
available in CCOGIF format but also in IFF LaserScan format;
CCG staff tries to use preferably the IFF format, since the
data are readily available in the format which is deemed to
be used for cartographic editing.
Other types of data have to be translated into IFF format to
be processed:
Toponymy (spelling and approximate position) , as
provided by the Geographic Services Division (CPCGN0 from
the National Toponymic Data Base;
Administrative boundaries and limits (type of boundaries
and position) , as provided by Statistics-Canada and the
International Boundary Commission;
and Geodetic Markers (type and position) , as provided by
the Geodetic Surveys Division.
The integration process leads to the creation of graphics
files, in IFF format, and where
pre-symbolization is
automatically performed
through the use of symbolization and
fonts tables. The display at the screen already has the




Having digital data on
digital systems, it is advantageous to
perform as many processes
as possible in batch modes.
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Programs and macros have been written to massage the data and
the following types of processing are done:
systematic graphical manipulations;
symbolization which could not be covered by a
symbolization table or involving calculations;
addition of elements or symbols through calculation of a
position;
element display priorization.
Batch processing reduces the amount of interactive work to be
performed, can be initiated during empty hours and frees
workstations for the unavoidable interactive work.
4. Interactive Editing
This portion resembles the most the traditional cartographic
work in the sense that operations are relying on the visual
interpretation and the manipulation of cartographically
symbolized elements.
Since all cartographic rules have not yet been translated in
computer algorithms (will they ever be ...), it is still
necessary to assess the image created by the actual position
and symbolization of the various elements, and modify it to
please the rules and ... the eye!
Cartographic judgement is involved when deciding which
element needs to be displaced in relation with others,
altered to simplify its representation, etc. Still, macros
are used to east the process and assist the operator.
5 . Test Placement
The text appearing on a map represents toponyms (place
names), contour and spot heights, grid coordinates and map
surround information.
Batch processes are used to calculate and generate grid
values, grid
coordinates and the position of map surround
blocks of text. These need only minor visual and interactive
adjustments .
All toponyms and labels are placed
in batch mode, but at an
approximate position. They need to be moved to a more
accurate position in order to depict the proper element.
Contour heights are placed manually
and require intervention
to change the angle and the
position. There are also many
adjustments based on visual appearance.
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6 . Inspection and Proofing
Following each major step of the process, an inspection is
performed and corrections are made.
The inspection is made either from the display on the screen
allowing immediate corrections but taking away a station
which could otherwise be used for other purposes - or from
proofs coming from various plotters . A rough plot is made
with the CCG's SYNERGY (400 dpi) electrostatic plotter, where
we can spot major blunders.
Other more accurate and better quality plots are obtained
from the Products and Services Division from either the IRIS
or the Scitex plotter. To obtain these last proofs, the
vector data is transfered in PostScript on a magnetic tape
and sent to the PSD, in Ottawa. The same applies to the
plotting of final negatives, which will be plotted on the
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CALCULATIONS OF STANDARD DEVIATION
CALCULATIONS OF DELTA E AT TWO STANDARD DEVIATIONS
STANDARD METHOD FOR CALCULATING DELTA E
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spectrophotometer readings Ottawa Cifan
L* a* b*
29-A-C 59.00 34.00 46.80
21-A-C 60.00 -33.00 -45.70
2-A-C 59.00 -33.00 -46.70
20-A-C 60.00 -33.00 -45.50
34-A-C 60.00 -33.00 46.20
7-A-C 59.00 -33.00 -46.80
14-A-C 60.00 -33.00 -45.70
33-A-C 60.00 -33.00 -45.90
30-A-C 59.00 -32.00 -45.80
36-A-C 60.00 -33.00 -45.70
1 7-A-C 60.00 -32.00 -45.10
22-A-C 61.00 33.00 -45.20
1 2-A-C 60.00 -33.00 45.60
14-2-A-C 60.00 -33.00 -45.30
23-A-C 60.00 -33.00 46.20
35-A-C 60.00 -33.00 46.20
2-2-A-C 59.00 33.00 -46.20
30-2-A-C 60.00 32.00 -45.80
31-A-C 60.00 -33.00 -45.90
2-3-A-C 59.00 -33.00 46.20
31 -2-A-C 60.00 33.00 -46.00
33-2-A-C 60.00 -33.00 -45.80
35-2-A-C 60.00 -33.00 -46.00
17-2-A-C 61.00 -32.00 -45.20
5-A-C 57.00 35.00 -48.30
21 -2-A-C 59.00 -35.00 -47.20
29-2-A-C 58.00 -35.00 -47.90
13-A-C 59.00 -35.00 -47.30
27-A-C 58.00 -35.00 -47.60
31-3-A-C 58.00 34.00 -47.40
23-2-A-C 58.00 -34.00 -47.20
19-A-C 60.00 -34.00 -46.70
18-A-C 60.00 34.00 -46.50
7-2-A-C 58.00 -34.00 -47.60
1 5-A-C 59.00 -34.00 -46.60
18-2-A-C 60.00 -34.00 -46.30
9-A-C 60.00 -34.00 -46.80
6-A-C 58.00 34.00 -47.60
30-3-A-C 59.00 -34.00 -47.00
38-A-C 58.00 -34.00 -47.50
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spectrophotometer readings Ottawa C/an
L* a* b*
29-B-C 60.00 -33.00 44.60
21-B-C 61.10 -33.00 -44.70
2-B-C 59.80 -33.00 -45.60
20-B-C 60.40 -33.00 -44.10
34-B-C 61.20 -33.00 -44.70
7-B-C 59.30 -33.00 -45.30
14-B-C 61.20 33.00 -43.90
33-B-C 60.20 -32.00 43.30
30-B-C 60.70 -32.00 -43.90
36-B-C 61.10 -32.00 -44.20
17-B-C 61.10 -32.00 -43.90
22-B-C 61.70 -33.00 -43.90
12-B-C 61.40 -33.00 44.10
14-2-B-C 60.50 -32.00 -43.10
23-B-C 60.90 33.00 -44.40
35-B-C 61.30 -32.00 -44.10
2-2-B-C 59.30 -32.00 -44.30
30-2-B-C 61.10 -32.00 -44.00
31-B-C 61.60 33.00 -44.20
2-3-B-C 59.70 -32.00 -44.70
31 -2-B-C 61.30 -32.00 -44.00
33-2-B-C 61.10 -32.00 -43.50
35-2-B-C 60.80 -32.00 -43.50
17-2-B-C 61.00 -32.00 -43.80
5-B-C 57.90 -35.00 -47.20
21 -2-B-C 58.90 -34.00 -45.40
29-2-B-C 59.70 -35.00 46.00
13-B-C 59.80 -34.00 -45.60
27-B-C 59.80 -34.00 -45.80
31-3-B-C 59.70 -34.00 -45.20
23-2-B-C 59.40 -34.00 -45.60
19-B-C 60.70 34.00 -45.40
18-B-C 60.80 -34.00 -45.10
7-2-B-C 58.40 -34.00 -46.00
15-B-C 60.70 -34.00 45.20
18-2-B-C 60.90 34.00 -44.80
9-B-C 60.90 -34.00 -45.30
6-B-C 59.50 -34.00 -46.50
30-3-B-C 60.00 -33.00 -45.00
38-B-C 61.00 -34.00 -44.90
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spectrophotometer readings Ottawa Cvan
L* a* b'
29-C-C 61.00 -33.00 -43.76
21 -OC 57.00 33.00 48.88
2-C-C 59.00 -34.00 -46.16
20-C-C 57.00 33.00 48.32
34-C-C 62.00 -33.00 44.04
7-C-C 59.00 -34.00 -46.83
14-C-C 57.00 -33.00 -47.98
33-C-C 62.00 -33.00 -43.56
30-C-C 62.00 -33.00 -44.02
36-C-C 62.00 33.00 44.16
17-C-C 57.00 -33.00 -48.07
22-C-C 58.00 -33.00 -47.80
12-C-C 58.00 33.00 -48.15
14-2-C-C 57.00 33.00 -47.47
23-C-C 62.00 33.00 -43.57
35-C-C 63.00 33.00 43.71
2-2-C-C 60.00 33.00 45.86
30-2-C-C 62.00 -33.00 -43.77
31-C-C 62.00 -33.00 -43.34
2-3-C-C 60.00 -33.00 -46.03
31-2-C-C 62.00 -33.00 -43.42
33-2-C-C 62.00 -33.00 -43.42
35-2-C-C 63.00 33.00 -43.84
17-2-C-C 57.00 -32.00 48.09
5-C-C 57.00 36.00 -48.44
21-2-C-C 55.00 35.00 -50.16
29-2-C-C 61.00 35.00 -45.24
13-C-C 55.00 -35.00 -49.55
27-C-C 61.00 -35.00 -45.26
31-3-C-C 60.00 34.00 -44.58
23-2-C-C 61.00 34.00 -44.97
19-C-C 56.00 34.00 -49.81
18-C-C 57.00 -35.00 -49.27
7-2-C-C 58.00 -35.00 -47.56
15-C-C 56.00 34.00 -49.39
18-2-C-C 57.00 -34.00 -49.09
9-C-C 56.00 -34.00 -49.38
6-C-C 59.00 -34.00 -47.23
30-3-C-C 61.00 -34.00 44.90
38-C-C 62.00 -34.00 -44.60
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Spectrophotometer readings Ottawa Magenta
L* a" b*
29-A-M 56.48 65.42 -7.52
21-A-M 56.72 63.96 -5.37
2-A-M 56.45 65.07 -7.65
20-A-M 56.96 62.11 5.84
34-A-M 56.86 65.00 -7.75
7-A-M 56.95 65.34 -8.14
14-A-M 57.42 62.33 5.96
33-A-M 56.93 64.62 -7.48
30-A-M 57.26 63.85 -7.42
36-A-M 57.04 64.92 -7.52
1 7-A-M 57.18 62.25 5.56
22-A-M 57.64 62.06 -5.72
12-A-M 57.49 62.26 -5.79
14-2-A-M 57.64 61.91 -5.92
23-A-M 57.41 64.04 -7.60
35-A-M 57.12 64.72 -7.50
2-2-A-M 56.79 64.16 -7.47
30-2-A-M 57.60 63.63 -7.50
31-A-M 57.12 64.75 -7.58
2-3-A-M 56.54 63.79 -7.48
31 -2-A-M 57.23 64.71 -7.64
33-2-A-M 57.21 64.41 -7.40
35-2-A-M 57.13 64.50 -7.54
17-2-A-M 57.65 62.17 5.58
5-A-M 54.95 67.81 -8.33
21 -2-A-M 55.03 65.97 -5.60
29-2-A-M 55.46 67.35 -7.80
13-A-M 55.93 64.72 -5.84
27-A-M 55.80 66.66 -7.83
31-3-A-M 55.36 67.41 -7.90
23-2-A-M 56.05 66.55 -7.94
19-A-M 56.37 64.41 5.95
18-A-M 56.29 64.63 6.03
7-2-A-M 55.89 66.80 8.30
1 5-A-M 56.41 63.86 -5.68
18-2-A-M 56.18 64.35 6.04
9-A-M 57.10 63.11 6.22
6-A-M 56.02 66.85 -7.88
30-3-A-M 56.56 65.54 -7.86
38-A-M 57.75 64.06 -8.93
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Spectrophotometer readings Ottawa Magenta
L* a* b*
29-B-M 54.13 68.37 5.40
21-B-M 52.98 67.27 -3.54
2-B-M 53.68 69.39 -4.64
20-B-M 52.99 66.29 3.99
34-B-M 54.52 67.93 -5.43
7-B-M 53.99 68.87 -5.24
14-B-M 53.98 66.68 -3.96
33-B-M 53.57 66.99 -5.15
30-B-M 54.58 66.45 -5.41
36-B-M 54.48 67.27 -5.30
1 7-B-M 54.31 66.25 -3.49
22-B-M 54.14 66.23 -3.86
12-B-M 54.26 66.38 -3.83
14-2-B-M 52.99 64.59 -3.89
23-B-M 54.85 66.80 5.58
35-B-M 54.75 67.22 5.49
2-2-B-M 53.85 67.83 -4.52
30-2-B-M 54.47 66.03 -5.37
31-B-M 54.94 67.65 -5.36
2-3-B-M 53.32 67.12 -4.51
31 -2-B-M 54.15 66.58 -5.37
33-2-B-M 53.88 66.56 -5.14
35-2-B-M 54.44 66.74 -5.45
17-2-B-M 54.33 65.99 3.48
5-B-M 52.04 72.22 -5.55
21 -2-B-M 50.86 69.53 -3.68
29-2-B-M 52.70 70.56 -5.68
13-B-M 51.81 69.74 -3.84
27-B-M 53.25 70.26 5.48
31-3-B-M 52.72 70.11 5.58
23-2-B-M 53.48 69.67 -5.82
19-B-M 52.39 69.46 -3.64
18-B-M 52.84 69.00 3.90
7-2-B-M 52.57 70.05 -5.34
15-B-M 52.97 68.55 -3.95
18-2-B-M 52.95 68.84 -3.92
9-B-M 52.80 68.46 -3.74
6-B-M 53.23 70.39 -4.86
30-3-B-M 53.51 68.41 -5.64
38-B-M 54.32 68.69 -6.19
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Spectrophotometer readings Ottawa Magenta .
L* a* b*
29-C-M 52.69 69.73 -4.22
21-C-M 52.83 69.45 2.64
2-C-M 52.67 70.94 -3.41
20-C-M 53.07 69.18 -2.60
34-C-M 53.42 69.74 -4.24
7-C-M 53.01 70.82 -3.59
14-C-M 53.11 68.63 -2.77
33-C-M 53.52 69.42 -4.30
30-C-M 54.05 69.13 4.46
36-C-M 54.06 69.33 4.41
17-C-M 53.05 68.46 -2.32
22-C-M 53.41 68.85 -2.71
12-C-M 53.50 68.71 -2.65
14-2-C-M 53.12 67.84 -2.67
23-C-M 53.91 68.87 -4.43
35-C-M 53.84 69.09 -4.32
2-2-C-M 53.30 70.01 -3.47
30-2-C-M 54.09 68.72 -4.44
31-C-M 53.90 69.15 -4.23
2-3-C-M 53.37 70.09 -3.44
31 -2-C-M 54.06 69.30 -4.27
33-2-C-M 53.77 68.93 -4.23
35-2-C-M 53.97 69.21 -4.27
17-2-C-M 53.01 68.08 -2.28
5-C-M 50.51 73.48 -4.02
21 -2-C-M 51.11 72.21 -2.66
29-2-C-M 51.83 72.62 -4.41
13-C-M 50.95 72.13 -2.15
27-C-M 52.29 72.34 -4.54
31-3-C-M 52.31 72.37 -4.46
23-2-C-M 52.52 71.95 -4.60
19-C-M 51.67 71.94 -2.37
18-C-M 51.97 71.09 -2.64
7-2-C-M 51.90 72.40 -3.67
1 5-C-M 52.15 70.65 -2.54
18-2-C-M 52.01 70.99 -2.62
9-C-M 51.98 71.10 -2.23
6-C-M 52.21 72.17 -3.55
30-3-C-M 52.92 70.97 -4.64
38-C-M 52.71 71.48 -4.19
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Spectrophotometer readings Ottawa Yellow
L* a* b#
29-A-Y 89.48 -0.72 102.77
21-A-Y 90.95 -3.73 95.33
2-A-Y 89.88 -2.18 99.53
20-A-Y 90.85 -3.95 94.58
34-A-Y 89.76 -0.75 99.38
7-A-Y 90.50 -2.23 99.68
14-A-Y 90.68 -3.82 93.40
33-A-Y 89.44 -0.72 99.17
30-A-Y 90.15 -0.64 99.09
36-A-Y 90.16 -0.73 99.98
1 7-A-Y 90.93 -3.76 93.54
22-A-Y 91.12 -3.86 93.01
1 2-A-Y 91.32 -3.81 91.89
14-2-A-Y 90.91 -3.82 93.43
23-A-Y 90.25 -0.61 100.00
35-A-Y 89.81 -0.77 98.36
2-2-A-Y 89.67 -2.14 97.17
30-2-A-Y 90.30 -0.63 99.78
31-A-Y 90.37 -0.67 99.63
2-3-A-Y 89.78 2.08 95.12
31 -2-A-Y 90.32 -0.67 99.93
33-2-A-Y 89.94 -0.72 99.20
35-2-A-Y 90.22 -0.77 99.37
17-2-A-Y 91.38 -3.73 93.27
5-A-Y 89.54 -2.38 104.59
21 -2-A-Y 90.23 -3.81 100.12
29-2-A-Y 89.06 -0.75 107.68
13-A-Y 90.47 -3.89 99.63
27-A-Y 89.38 -0.63 106.99
31-3-A-Y 89.67 -0.78 106.77
23-2-A-Y 89.71 0.69 106.36
19-A-Y 90.85 -3.87 98.93
18-A-Y 90.72 -3.95 97.21
7-2-A-Y 90.24 -2.27 102.38
1 5-A-Y 90.70 -3.90 97.14
18-2-A-Y 90.66 -3.94 97.25
9-A-Y 90.86 -3.82 96.57
6-A-Y 90.18 -2.22 101.26
30-3-A-Y 89.78 -0.67 103.54
38-A-Y 89.80 -0.51 104.99
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Spectrophotometer readings Ottawa Yellow
L* a* b'
29-B-Y 89.90 -2.17 97.56
21-B-Y 90.20 5.00 84.25
2-B-Y 90.99 -4.23 90.01
20-B-Y 89.98 -5.04 83.19
34-B-Y 89.09 2.09 95.74
7-B-Y 91.14 -4.27 89.83
14-B-Y 90.34 5.04 83.09
33-B-Y 90.32 -2.12 97.41
30-B-Y 89.91 -2.15 94.25
36-B-Y 90.43 2.09 95.64
17-B-Y 90.59 -4.92 82.06
22-B-Y 90.84 5.01 82.94
12-B-Y 90.60 -5.02 83.24
14-2-B-Y 89.48 -4.95 81.20
23-B-Y 90.05 -2.08 96.18
35-B-Y 90.55 2.14 95.34
2-2-B-Y 90.22 4.12 87.88
30-2-B-Y 89.67 -2.11 94.87
31-B-Y 90.50 -2.08 95.70
2-3-B-Y 91.18 -4.20 89.32
31 -2-B-Y 89.60 -2.04 94.73
33-2-B-Y 90.46 -2.11 96.62
35-2-B-Y 90.55 -1.96 92.27
17-2-B-Y 90.69 -4.93 82.42
5-B-Y 89.95 -4.45 94.72
21 -2-B-Y 89.32 5.08 87.51
29-2-B-Y 88.95 -2.18 102.61
13-B-Y 89.31 -5.06 86.50
27-B-Y 89.86 -2.12 102.57
31-3-B-Y 89.32 -2.18 101.20
23-2-B-Y 89.87 -2.19 99.27
19-B-Y 90.24 -4.98 82.78
18-B-Y 90.32 -5.11 86.28
7-2-B-Y 90.71 4.35 92.54
1 5-B-Y 90.11 -5.09 85.80
18-2-B-Y 90.38 -5.01 83.00
9-B-Y 90.16 -5.07 85.38
6-B-Y 90.79 4.28 92.20
30-3-B-Y 90.06 -2.24 99.79
38-B-Y 90.04 -2.12 100.11
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Spectrophotometer readings Ottawa Yellow
L* a* b*
29-C-Y 90.43 -2.49 98.74
21-C-Y 90.71 -3.72 95.13
2-C-Y 90.83 -3.41 95.45.
20-C-Y 90.56 -3.71 94.63
34-C-Y 90.52 -2.56 97.11
7-C-Y 90.98 -3.44 95.40
14-C-Y 90.89 -3.71 93.73
33-C-Y 90.54 -2.52 96.74
30-C-Y 90.84 2.52 96.47
36-C-Y 90.82 2.53 95.94
1 7-C-Y 90.85 -3.64 93.19
22-C-Y 91.05 -3.72 93.55
12-C-Y 91.03 -3.70 93.47
14-2-C-Y 90.82 3.69 92.88
23-C-Y 90.73 -2.45 96.42
35-C-Y 90.80 -2.48 96.11
2-2-C-Y 91.05 -3.39 94.42
30-2-C-Y 90.80 -2.48 95.97
31-C-Y 90.65 -2.42 95.81
2-3-C-Y 91.10 -3.36 94.48
31 -2-C-Y 91.01 -2.39 96.22
33-2-C-Y 90.72 2.46 96.21
35-2-C-Y 90.86 -2.51 96.04
17-2-C-Y 90.98 -3.64 92.15
5-C-Y 88.84 3.65 99.79
21 -2-C-Y 90.16 3.86 99.63
29-2-C-Y 90.01 -2.58 103.13
13-C-Y 90.08 -3.78 98.32
27-C-Y 90.07 -2.53 102.22
31-3-C-Y 90.22 -2.56 101.74
23-2-C-Y 90.32 -2.56 101.90
19-C-Y 90.66 -3.74 97.93
18-C-Y 90.61 -3.82 97.52
7-2-C-Y 90.66 3.53 98.38
1 5-C-Y 90.60 -3.79 97.09
18-2-C-Y 90.62 3.80 97.19
9-C-Y 90.62 -3.75 96.73
6-C-Y 90.62 -3.52 97.58
30-3-C-Y 90.50 2.56 100.11
38-C-Y 90.46 -2.42 100.79
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Spectrophotometer readings Ottawa Black
L* a* b*
29-C-K 36.88 0.11 0.69
21-C-K 34.15 0.05 -0.89
2-C-K 36.22 0.16 -0.68
20-C-K 34.04 0.09 -0.95
34-C-K 37.77 0.06 -0.76
7-C-K 36.99 0.15 -0.70
14-C-K 34.32 0.05 -0.91
33-C-K 37.94 0.10 -0.78
30-C-K 38.33 0.14 -0.92
36-C-K 38.76 0.10 0.85
17-C-K 34.64 0.10 -0.97
22-C-K 34.93 0.10 1.01
12-C-K 34.74 0.07 0.99
14-2-C-K 34.71 0.08 0.96
23-C-K 38.21 0.14 -0.75
35-C-K 38.57 0.13 0.83
2-2-C-K 37.27 0.14 0.68
30-2-C-K 38.44 0.15 -0.87
31-C-K 38.54 0.14 -0.83
2-3-C-K 37.34 0.16 -0.68
31 -2-C-K 38.57 0.12 -0.82
33-2-C-K 38.45 0.15 0.84
35-2-C-K 38.59 0.13 0.82
17-2-C-K 34.76 0.11 -1.01
5-C-K 32.63 0.12 -0.64
21 -2-C-K 30.56 0.08 0.80
29-2-C-K 34.45 0.11 -0.65
13-C-K 30.91 0.11 -0.81
27-C-K 35.07 0.14 -0.62
31-3-C-K 35.37 0.08 -0.69
23-2-C-K 35.28 0.08 -0.59
19-C-K 32.00 0.06 -1.02
18-C-K 32.06 0.10 0.93
7-2-C-K 35.07 0.14 -0.71
15-C-K 31.97 0.09 -0.93
18-2-C-K 32.30 0.08 -0.95
9-C-K 32.66 0.05 -1.08
6-C-K 35.80 0.07 -0.68
30-3-C-K 36.36 0.10 -0.86
38-C-K 35.95 0.12 -0.77
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Spectrophotometer readings Ottawa Black
L* a* b*
29-B-K 37.17 0.14 -0.70
21-B-K 36.92 0.04 -0.95
2-B-K 35.23 0.13 -0.75
20-B-K 36.82 0.07 -0.79
34-B-K 38.04 0.09 -0.81
7-B-K 35.87 0.18 -0.80
14-B-K 37.26 0.07 0.85
33-B-K 38.35 0.12 -0.56
30-B-K 38.73 0.08 -0.76
36-B-K 38.81 0.07 -0.83
17-B-K 37.79 0.01 -0.83
22-B-K 38.04 0.05 0.90
1 2-B-K 38.11 0.02 -0.97
14-2-B-K 37.77 0.02 -0.90
23-B-K 38.08 0.12 -0.71
35-B-K 38.94 0.12 -0.83
2-2-B-K 36.43 0.15 -0.72
30-2-B-K 38.98 0.09 -0.75
31-B-K 38.46 0.16 -0.84
2-3-B-K 36.34 0.16 -0.72
31 -2-B-K 38.57 0.13 -0.83
33-2-B-K 38.87 0.07 0.54
35-2-B-K 39.01 0.14 -0.83
17-2-B-K 37.95 0.02 -0.83
5-B-K 31.88 0.13 0.64
21 -2-B-K 33.80 0.05 0.95
29-2-B-K 34.59 0.13 0.68
13-B-K 34.58 0.07 -0.87
27-B-K 35.08 0.13 -0.71
31-3-B-K 35.22 0.11 -0.70
23-2-B-K 35.34 0.10 -0.70
19-B-K 35.48 -0.01 -0.95
18-B-K 35.39 -0.01 -0.87
7-2-B-K 33.72 0.19 -0.77
1 5-B-K 35.17 0.07 -0.88
18-2-B-K 35.48 0.02 -0.90
9-B-K 36.35 -0.01 -1.05
6-B-K 34.52 0.14 0.66
30-3-B-K 36.76 0.08 -0.75
38-B-K 36.30 0.11 -0.74
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Spectrophotometer readings Ottawa Black
L* a* b*
29-A-K 36.01 0.09 -0.79
21-A-K 35.97 0.04 1.06
2-A-K 36.09 0.10 -0.71
20-A-K 36.07 0.01 -0.86
34-A-K 36.62 0.07 -0.85
7-A-K 36.72 0.05 -0.81
14-A-K 36.26 0.04 -1.01
33-A-K 35.95 0.11 -0.76
30-A-K 37.66 0.03 -0.95
36-A-K 37.23 0.06 -0.89
1 7-A-K 37.44 0.01 -1.10
22-A-K 37.03 0.02 -0.93
1 2-A-K 37.02 0.02 -1.02
14-2-A-K 36.62 0.00 -1.00
23-A-K 37.25 0.09 -0.94
35-A-K 37.51 0.08 -0.86
2-2-A-K 36.65 0.07 -0.60
30-2-A-K 38.13 0.05 -0.99
31-A-K 37.73 0.04 0.98
2-3-A-K 36.95 0.08 -0.64
31-2-A-K 37.27 0.10 0.94
33-2-A-K 37.06 0.11 -0.71
35-2-A-K 37.70 0.03 0.92
17-2-A-K 37.39 0.01 -1.06
5-A-K 32.47 0.09 0.68
21 -2-A-K 32.18 -0.02 -1.00
29-2-A-K 33.11 0.03 -0.73
13-A-K 32.53 0.04 -1.19
27-A-K 34.00 0.06 -0.69
31-3-A-K 34.26 0.03 -0.86
23-2-A-K 34.15 0.04 -0.79
19-A-K 34.11 0.02 -0.93
18-A-K 33.90 -0.03 -0.85
7-2-A-K 34.71 0.09 -0.89
1 5-A-K 33.81 0.03 -1.04
18-2-A-K 34.20 -0.02 -0.73
9-A-K 35.56 -0.07 -1.22
6-A-K 35.32 0.02 0.80
30-3-A-K 35.81 0.03 -1.04
38-A-K 35.19 0.05 -0.90
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Spectrophotometer reac ings Peterborough Cyan
L* a* b*
29-A-C 58.00 -35.20 -47.29
21-A-C 56.84 -34.87 -48.02
2-A-C 57.03 -34.93 -47.80
20-A-C 56.20 -34.04 -46.43
34-A-C 50.77 -33.55 -51.38
7-A-C 57.25 -34.65 -47.64
14-A-C 56.03 -34.65 48.42
33-A-C 50.64 -33.22 -51.81
30-A-C 57.41 -34.55 -47.51
36-A-C 55.71 -34.56 -47.65
1 7-A-C 55.98 -34.46 -48.77
22-A-C 57.66 -34.50 -47.24
1 2-A-C 56.52 -34.47 -48.03
14-2-A-C 55.93 -35.23 -49.01
23-A-C 57.71 -35.67 -48.09
35-A-C 53.81 -35.27 -49.74
2-2-A-C 56.66 -35.48 -49.03
30-2-A-C 57.37 -35.27 -48.12
31-A-C 57.33 -35.44 -48.63
2-3-A-C 57.50 -35.75 -48.70
31 -2-A-C 56.92 -35.19 48.22
33-2-A-C 50.20 -33.96 -52.36
35-2-A-C 51.89 -34.25 -48.34
17-2-A-C 56.03 -35.30 -49.60
5-A-C 57.64 -35.55 -48.61
21 -2-A-C 56.90 -35.01 -48.23
29-2-A-C 57.40 -34.50 -46.58
13-A-C 56.82 34.33 -48.16
27-A-C 58.04 -34.35 -47.50
31-3-A-C 57.46 -34.14 -47.30
23-2-A-C 58.07 -34.35 -46.89
19-A-C 58.07 -33.85 -47.38
18-A-C 57.80 -33.42 -47.14
7-2-A-C 58.35 -33.84 -47.18
1 5-A-C 55.43 -33.02 -49.31
18-2-A-C 57.73 -33.25 -46.97
9-A-C 57.43 -33.47 -47.62
6-A-C 57.94 -33.38 -46.91
30-3-A-C 58.43 -33.54 -46.75
38-A-C 57.94 -33.80 -47.23
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Spectrophotometer reac ings Peterborough Cyan
L* a* b*
29-B-C 57.45 -35.30 -47.93
21-B-C 58.17 -34.78 46.81
2-B-C 56.86 -34.19 -45.62
20-B-C 57.12 -34.38 -46.56
34-B-C 58.43 -34.74 -44.93
7-B-C 55.16 34.49 -49.07
14-B-C 57.31 -34.55 -47.44
33-B-C 58.49 -34.83 44.93
30-B-C 57.71 -34.57 -46.91
36-B-C 57.58 -34.31 -46.26
1 7-B-C 56.68 34.18 -47.01
22-B-C 58.66 -34.49 -46.13
12-B-C 56.80 34.93 -47.90
14-2-B-C 57.35 -35.30 -48.18
23-B-C 58.75 -35.49 -46.96
35-B-C 56.97 -35.61 -48.24
2-2-B-C 57.35 35.20 -48.15
30-2-B-C 57.63 35.25 -47.46
31-B-C 58.10 35.03 -47.14
2-3-B-C 58.26 -35.37 -46.94
31 -2-B-C 58.13 -35.08 -47.18
33-2-B-C 58.57 -35.49 -45.53
35-2-B-C 56.85 -35.50 -48.06
17-2-B-C 56.76 -35.02 -47.80
5-B-C 55.39 -35.18 -49.35
21 -2-B-C 57.55 -34.56 -46.48
29-2-B-C 57.26 -34.64 -47.20
13-B-C 57.79 -34.08 -46.92
27-B-C 58.91 -34.11 -46.12
31-3-B-C 58.35 -33.79 -46.02
23-2-B-C 59.05 -33.82 -45.60
19-B-C 58.55 -33.60 -46.41
18-B-C 57.15 -33.23 -46.21
7-2-B-C 56.29 -33.55 -48.48
15-B-C 57.24 -33.49 46.86
18-2-B-C 57.68 -33.23 -46.40
9-B-C 56.63 -33.35 -48.24
6-B-C 56.43 -33.52 -48.65
30-3-B-C 58.75 -33.57 -46.19
38-B-C 59.52 -33.79 -46.05
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Spectrophotometer read ings Peterborough Cyan
L* a* b*
29-C-C 62.78 -31.86 -40.11
21-C-C 58.97 -33.51 -44.73
2-C-C 60.80 -32.98 -42.98
20-C-C 61.25 -32.63 -42.74
34-C-C 47.42 -30.83 -53.07
7-C-C 61.92 -32.50 -42.30
14-C-C 62.99 -32.40 -41.29
33-C-C 47.36 -30.35 -52.37
30-C-C 65.76 -31.19 -39.17
36-C-C 55.65 -34.05 -48.43
1 7-C-C 58.58 -33.29 -45.66
22-C-C 63.85 31.85 -40.19
12-C-C 63.19 -32.72 -41.90
14-2-C-C 60.73 -31.94 -40.59
23-C-C 64.54 -32.43 -40.51
35-C-C 51.14 -34.00 -52.42
2-2-C-C 63.43 -32.80 -42.01
30-2-C-C 66.06 -31.75 -39.75
31-C-C 66.03 -31.28 39.03
2-3-C-C 61.42 -33.73 -43.79
31 -2-C-C 66.21 -31.35 -39.11
33-2-C-C 47.46 -31.41 53.56
35-2-C-C 51.00 -33.86 -52.29
17-2-C-C 58.50 -34.01 -46.30
5-C-C 62.98 -32.67 -42.09
21 -2-C-C 57.93 -33.06 -44.09
29-2-C-C 63.85 -31.99 -40.34
13-C-C 63.23 -32.11 -41.72
27-C-C 65.41 -30.97 -38.58
31-3-C-C 66.41 30.48 -38.33
23-2-C-C 64.96 -31.38 -39.61
19-C-C 62.61 -31.96 -42.28
18-C-C 58.90 -32.94 45.43
7-2-C-C 62.86 -31.86 -41.88
15-C-C 56.91 -33.00 -47.55
18-2-C-C 59.10 -32.81 -45.45
9-C-C 62.09 -31.63 -42.12
6-C-C 63.59 -31.51 -41.12
30-3-C-C 66.48 -30.51 -38.63
38-C-C 61.09 -32.60 -43.77
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Spectraphotometer readin as Peterborough U agenta
L* a* b*
29-A-M 55.49 69.13 -6.74
21-A-M 55.40 68.88 -6.61
2-A-M 55.46 69.22 -6.55
20-A-M 53.34 68.92 -5.32
34-A-M 58.10 62.02 -8.45
7-A-M 56.27 67.45 -7.15
14-A-M 53.24 70.78 -4.71
33-A-M 58.98 62.23 -8.58
30-A-M 55.59 69.40 -6.34
36-A-M 55.48 68.95 -6.49
1 7-A-M 53.79 71.27 -4.54
22-A-M 55.91 67.89 -6.58
1 2-A-M 54.52 70.66 -4.82
14-2-A-M 53.13 71.61 -4.93
23-A-M 55.78 69.75 -6.57
35-A-M 55.15 70.38 -6.01
2-2-A-M 54.36 72.45 -4.94
30-2-A-M 54.68 69.67 -6.37
31-A-M 55.07 70.73 -6.02
2-3-A-M 55.72 70.35 -6.48
31 -2-A-M 55.10 70.99 -6.12
33-2-A-M 58.98 63.00 -9.03
35-2-A-M 55.03 70.20 -5.99
17-2-A-M 53.76 72.38 -4.80
5-A-M 56.78 68.89 -7.33
21 -2-A-M 55.46 69.03 -6.59
29-2-A-M 55.40 68.13 -6.63
13-A-M 54.49 70.93 -5.16
27-A-M 56.42 68.23 -6.69
31-3-A-M 55.69 69.26 -5.97
23-2-A-M 56.38 67.85 -6.29
19-A-M 55.39 69.71 -5.06
18-A-M 55.56 68.86 -5.34
7-2-A-M 56.69 65.72 -7.03
1 5-A-M 54.88 69.54 -4.91
18-2-A-M 54.54 67.41 -5.08
9-A-M 56.50 67.97 -6.35
6-A-M 56.92 65.07 -6.89
30-3-A-M 56.42 67.69 -6.24
38-A-M 56.83 67.32 -6.58
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Spectraphotometer readinips Peterborough Magenta
L* a* b*
29-B-M 55.19 69.98 -6.86
21-B-M 55.82 67.62 -7.15
2-B-M 55.07 67.73 -7.13
20-B-M 54.03 70.48 -5.05
34-B-M 58.16 62.84 -8.82
7-B-M 54.98 69.47 -6.51
14-B-M 54.23 70.50 -5.22
33-B-M 58.90 62.21 -8.83
30-B-M 55.53 69.50 -6.41
36-B-M 54.90 68.25 -6.81
1 7-B-M 53.91 70.66 -5.03
22-B-M 56.69 67.48 -7.15
1 2-B-M 53.28 72.36 -4.98
14-2-B-M 53.65 71.88 5.26
23-b-M 56.64 68.78 -6.97
35-B-M 54.56 72.28 -5.50
2-2-B-M 53.67 72.78 -5.05
30-2-B-M 55.64 70.70 -6.67
31-B-M 55.26 70.30 -6.57
2-3-B-M 55.43 68.78 -7.37
31 -2-B-M 55.13 70.12 -6.56
33-2-B-M 58.64 63.14 -8.99
35-2-B-M 54.41 72.07 -5.30
17-2-B-M 54.03 72.05 5.42
5-B-M 56.34 68.93 -7.54
21 -2-B-M 56.10 68.04 -7.24
29-2-B-M 55.63 69.18 -6.76
13-B-M 54.31 70.50 -5.44
27-B-M 56.50 66.64 -7.49
31-3-B-M 56.07 68.71 -6.41
23-2-B-M 57.38 66.70 -6.67
19-B-M 55.32 69.50 -5.32
18-B-M 54.45 69.19 -4.84
7-2-B-M 55.22 67.28 -6.12
1 5-B-M 54.92 69.53 -5.22
18-2-B-M 54.67 68.93 -4.92
9-B-M 53.62 69.79 -4.23
6-B-M 57.44 66.85 -7.14
30-3-B-M 56.45 67.89 -6.28
38-B-M 57.05 67.33 -7.29
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Spectraphotometer readinas Peterborough M agenta
L* a* b*
29-C-M 62.80 54.94 -9.44
21-C-M 60.89 54.81 -8.88
2-C-M 62.23 57.03 -9.42
20-C-M 61.41 58.57 -9.40
34-C-M 63.63 52.71 -9.91
7-C-M 63.13 55.89 -9.46
14-C-M 62.27 55.33 -9.55
33-C-M 64.08 51.83 -10.03
30-C-M 63.08 56.20 -9.34
36-C-M 62.01 56.72 9.83
1 7-C-M 60.47 57.42 -9.41
22-C-M 63.90 54.13 -9.60
1 2-C-M 63.18 57.02 -10.18
14-2-C-M 63.31 56.67 -9.94
23-C-M 64.61 54.17 -9.64
35-C-M 61.37 60.05 -9.34
2-2-C-M 63.45 57.15 -10.17
30-2-C-M 63.18 56.94 -9.52
31-C-M 62.65 56.62 -9.35
2-3-C-M 62.71 57.89 -9.83
31 -2-C-M 62.83 56.62 -9.48
33-2-C-M 65.21 53.06 -10.37
35-2-C-M 61.27 59.90 -9.32
17-2-C-M 58.48 56.78 -9.28
5-C-M 63.77 56.16 -9.97
21 -2-C-M 62.41 55.86 -9.22
29-2-C-M 63.01 54.60 -9.52
13-C-M 63.52 55.82 -10.14
27-C-M 64.87 52.50 -9.45
31-3-C-M 63.46 55.57 -9.30
23-2-C-M 64.83 52.84 -9.19
19-C-M 63.16 56.72 -9.62
18-C-M 61.56 58.46 -9.07
7-2-C-M 64.16 55.23 -9.42
'1 5-C-M 62.94 56.99 -9.77
18-2-C-M 60.59 57.39 -8.95
9-C-M 63.23 55.74 -9.10
6-C-M 64.20 54.30 -9.38
30-3-C-M 64.04 55.33 -9.20
38-C-M 63.70 55.50 -9.82
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Spectrophotometer read ngs Peterborough Yellow
L* a* b*
29-A-Y 91.40 -5.51 86.59
21-A-Y 91.00 -5.72 83.07
2-A-Y 91.09 -5.56 84.95
20-A-Y 87.65 -5.24 82.85
34-A-Y 90.52 -5.91 82.08
7-A-Y 90.95 -5.52 84.97
14-A-Y 89.75 -5.12 87.63
33-A-Y 90.96 -5.86 83.42
30-A-Y 91.30 -5.44 86.54
36-A-Y 90.47 -5.30 87.84
1 7-A-Y 90.87 -5.39 87.82
22-A-Y 89.38 -5.57 81.57
1 2-A-Y 91.01 -5.23 87.53
14-2-A-Y 90.31 -5.24 88.61
23-A-Y 91.63 -5.80 83.87
35-A-Y 91.78 -5.58 89.50
2-2-A-Y 91.64 -5.36 89.18
30-2-A-Y 91.60 -5.53 87.38
31-A-Y 91.50 -5.49 86.90
2-3-A-Y 92.17 -5.69 87.06
31 -2-A-Y 91.71 -5.40 88.65
33-2-A-Y 91.72 -6.01 84.43
35-2-A-Y 87.53 -5.30 85.82
17-2-A-Y 91.16 5.49 87.96
5-A-Y 91.69 -5.41 87.88
21 -2-A-Y 91.00 -5.64 84.64
29-2-A-Y 90.94 -5.58 84.20
13-A-Y 91.29 -5.30 87.35
27-A-Y 91.61 -5.65 83.68
31-3-A-Y 91.52 -5.39 85.89
23-2-A-Y 91.52 -5.70 82.42
19-A-Y 91.43 -5.38 85.42
18-A-Y 91.47 -5.43 84.91
7-2-A-Y 89.93 -5.38 82.31
1 5-A-Y 91.46 -5.47 84.74
18-2-A-Y 90.07 -5.32 83.52
9-A-Y 90.08 -5.33 83.49
6-A-Y 91.60 -5.31 83.65
30-3-A-Y 90.44 5.26 83.10
38-A-Y 91.78 -5.30 86.74
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Spectrophotometer readings Peterborough Yellow
L* a* b*
29-B-Y 91.42 -5.70 86.96
21-B-Y 91.02 -5.80 85.69
2-B-Y 90.55 -5.57 85.96
20-B-Y 90.10 -5.59 87.56
34-B-Y 90.96 -5.95 82.77
7-B-Y 90.15 5.46 87.88
14-B-Y 90.79 -5.30 88.42
33-B-Y 90.82 -5.94 83.31
30-B-Y 91.07 -5.44 88.04
36-B-Y 89.83 -5.48 86.82
1 7-B-Y 90.63 5.56 88.07
22-B-Y 90.25 -5.67 83.38
12-B-Y 91.09 5.29 90.70
14-2-B-Y 91.63 -5.44 89.10
23-B-Y 91.74 -5.88 86.40
35-B-Y 91.57 -5.67 91.49
2-2-B-Y 89.28 -5.27 87.94
30-2-B-Y 91.85 -5.56 89.80
31-B-Y 91.73 -5.55 89.64
2-3-B-Y 91.58 -5.70 89.25
31 -2-B-Y 91.31 -5.55 88.32
33-2-B-Y 91.34 -6.07 83.26
35-2-B-Y 91.42 -5.62 91.62
17-2-B-Y 91.31 -5.73 89.86
5-B-Y 90.82 -5.56 88.98
21 -2-B-Y 90.86 -5.81 85.33
29-2-B-Y 90.92 -5.65 85.52
13-B-Y 91.07 -5.39 87.65
27-B-Y 91.33 -5.62 83.62
31-3-B-Y 91.58 -5.51 86.41
23-2-B-Y 91.64 -5.75 84.08
19-B-Y 91.39 -5.55 86.24
18-B-Y 89.81 -5.47 84.66
7-2-B-Y 88.90 -5.34 84.22
1 5-B-Y 90.78 r5.48 86.17
18-2-B-Y 89.69 -5.44 84.50
9-B-Y 91.38 -5.42 87.15
6-B-Y 91.61 -5.50 86.72
30-3-B-Y 91.64 -5.41 85.95
38-B-Y 91.56 5.56 85.18
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Spectrophotometer read ngs Peterborough Yellow
L*
a* b*
29-C-Y 92.42 -6.13 76.75
21-C-Y 90.70 -5.86 77.87
2-C-Y 91.48 -6.11 77.62
20-C-Y 91.24 -6.03 75.81
34-C-Y 91.89 -6.35 70.29
7-C-Y 91.32 -5.95 76.85
14-C-Y 90.84 -5.88 74.32
33-C-Y 92.04 -6.40 69.66
30-C-Y 91.72 -5.92 74.29
36-C-Y 91.33 -5.99 75.55
17-C-Y 90.92 -5.97 76.56
22-C-Y 91.75 -6.05 76.76
1 2-C-Y 92.36 -6.03 76.19
14-2-C-Y 89.18 -5.98 74.01
23-C-Y 92.64 -6.18 78.14
35-C-Y 92.49 6.05 80.40
2-2-C-Y 92.56 -6.10 76.29
30-2-C-Y 92.41 -6.17 75.39
31-C-Y 92.33 -6.07 74.60
2-3-C-Y 91.83 -6.15 78.39
31 -2-C-Y 92.33 -6.19 74.60
33-2-C-Y 92.72 -6.53 70.84
35-2-C-Y 92.07 -6.16 79.93
17-2-C-Y 92.21 -6.17 78.38
5-C-Y 89.86 -6.06 75.38
21 -2-C-Y 91.45 -5.90 78.56
29-2-C-Y 91.36 -6.05 75.42
13-C-Y 92.25 -6.12 75.68
27-C-Y 92.17 -6.10 73.47
31-3-C-Y 92.19 -6.06 72.77
23-2-C-Y 92.26 -6.00 75.75
19-C-Y 92.10 -5.99 75.77
18-C-Y 90.81 -5.87 77.12
7-2-C-Y 92.23 -5.93 75.75
1 5-C-Y 92.20 -6.05 75.65
18-2-C-Y 91.88 -5.86 77.65
9-C-Y 91.92 -5.97 76.17
6-C-Y 91.27 -5.91 74.66
30-3-C-Y 92.57 -6.04 72.92
38-C-Y 92.07 -6.03 74.62
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Spectraphotometer readinas Peterborouah Black
L* a* b*
29-A-K 18.13 0.54 -1.30
21-A-K 27.54 0.58 0.61
2-A-K 21.44 0.51 -0.70
20-A-K 21.90 0.53 -0.63
34-A-K 9.41 -0.20 -1.66
7-A-K 22.61 0.50 -0.56
14-A-K 25.25 0.51 -0.82
33-A-K 10.51 -0.33 -1.68
30-A-K 23.16 0.47 0.65
36-A-K 22.29 -0.01 -0.53
1 7-A-K 21.76 0.42 -0.76
22-A-K 32.33 0.50 -0.43
1 2-A-K 26.39 0.47 -0.80
14-2-A-K 23.50 0.53 -0.94
23-A-K 30.93 0.48 -0.54
335-A-K 5.15 -0.37 -1.88
2-2-A-K 25.00 0.51 -0.99
30-2-A-K 21.67 0.52 -0.79
31-A-K 22.17 0.52 -0.75
2-3-A-K 20.57 0.49 -0.84
31 -2-A-K 22.08 0.51 -0.75
33-2-A-K 6.24 -0.32 -2.32
35-2-A-K 5.05 -0.36 -1.68
17-2-A-K 20.25 0.44 -1.00
5-A-K 26.59 0.57 -0.79
21 -2-A-K 27.45 0.56 -0.67
29-2-A-K 19.36 0.41 -0.73
13-A-K 26.84 0.51 -0.79
27-A-K 24.85 0.44 -0.88
31-3-A-K 24.85 0.46 -0.85
23-2-A-K 32.97 0.43 -0.64
19-A-K 25.46 0.36 0.84
18-A-K 21.27 0.33 -0.76
7-2-A-K 25.70 0.39 -0.79
1 5-A-K 25.78 0.36 -0.89
18-2-A-K 21.85 0.28 -0.90
9-A-K 24.96 0.38 -0.93
6-A-K 31.60 0.50 -0.76
30-3-A-K 26.24 0.39 -0.76
38-A-K 21.55 0.25 0.88
96
Spectraphotometer readinas Peterbomimh Blank
L*
a* b*
29-B-K 14.68 0.54 -1.24
21-B-K 31.46 0.70 -0.51
2-B-K 21.39 0.53 -0.69
20-B-K 20.78 0.52 -0.56
34-B-K 23.19 0.57 0.66
7-B-K 20.35 0.49 -0.71
14-B-K 23.26 0.59 -0.65
33-B-K 23.93 0.53 -0.65
30-B-K 21.92 0.51 -0.70
36-B-K 20.86 0.46 0.98
1 7-B-K 20.49 0.48 -0.78
22-B-K 36.84 0.60 -0.35
1 2-B-K 22.17 0.53 -0.85
14-2-B-K 22.09 0.50 -0.77
23-B-K 35.81 0.59 -0.21
35-B-K 15.81 0.54 -1.01
2-2-B-K 22.24 0.56 -0.86
30-2-B-K 20.48 0.52 -0.92
31-B-K 21.80 0.54 -0.72
2-3-B-K 20.43 0.50 -0.85
31 -2-B-K 21.59 0.56 -0.77
33-2-B-K 22.65 0.59 -0.78
35-2-B-K 15.04 0.50 -0.75
17-2-B-K 18.49 0.57 -1.00
5-B-K 22.00 0.52 -0.72
21 -2-B-K 31.73 0.64 -0.50
29-2-B-K 16.38 0.34 -1.13
13-B-K 24.66 0.49 -0.99
27-B-K 23.50 0.37 -1.03
31-3-B-K 24.65 0.45 -0.89
23-2-B-K 37.75 0.56 -0.33
19-B-K 24.17 0.41 -0.85
18-B-K 20.31 0.34 -0.67
7-2-B-K 23.84 0.41 -0.86
1 5-B-K 22.42 0.38 -0.92
18-2-B-K 20.95 0.29 -0.67
9-B-K 23.83 0.39 -0.93
6-B-K 26.45 0.42 -0.65
30-3-B-K 25.36 0.38 -0.87
38-B-K 26.35 0.41 -0.78
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Spectrophotometer readings Peterborouah Black
L* a* b*
29-C-K 14.49 0.40 -1.22
21-C-K 22.19 0.55 -0.63
2-C-K 15.68 0.39 -0.64
20-C-K 19.71 0.42 -0.82
34-C-K 8.99 -0.20 -1.73
7-C-K 18.12 0.43 -0.65
14-C-K 24.33 0.50 -0.56
33-C-K 10.00 -0.27 -1.63
30-C-K 21.46 0.51 -0.73
36-C-K 11.02 0.12 -1.55
17-C-K 20.27 0.39 -0.81
22-C-K 28.54 0.60 -0.53
1 2-C-K 22.73 0.51 -0.82
14-2-C-K 22.43 0.54 -0.65
23-C-K 27.48 0.48 -0.59
35-C-K 5.23 -0.37 -2.00
2-2-C-K 22.98 0.45 -0.71
30-2-C-K 19.96 0.57 -1.07
31-C-K 21.00 0.55 -0.86
2-3-C-K 13.90 0.40 -0.94
31 -2-C-K 21.01 0.54 -0.85
33-2-C-K 6.14 -0.28 -2.15
35-2-C-K 5.19 0.36 -1.85
17-2-C-K 18.45 0.45 -1.05
5-C-K 16.59 0.53 -1.11
21 -2-C-K 21.74 0.52 -0.68
29-2-C-K 16.29 0.29 -1.17
13-C-K 25.07 0.41 -0.85
27-C-K 26.62 0.49 -0.73
31-3-C-K 24.24 0.41 -0.92
23-2-C-K 30.41 0.45 -0.65
19-C-K 24.39 0.33 -0.89
18-C-K 19.05 0.17 0.95
7-2-C-K 21.90 0.33 -0.79
1 5-C-K 25.37 0.35 -0.83
18-2-C-K 19.26 0.15 -0.94
9-C-K 21.74 0.31 -0.80
6-C-K 23.50 0.36 -0.99
30-3-C-K 25.11 0.40 -0.93
38-C-K 17.97 0.01 -1.33




Summary statistics for L
NumNumortc s 40
Mean = 3S.791
Standard Deviation = 1.6428
Range = 5.9500
Summary statistics for e*
NumNumortc a 40
Mean s 0.04250
Standard Deviation s 0.04037
Range = o.ioooo
Summary statistics for b *
NumNumortc s 40
Mean = -0.89300
Standard Deviation = 0.14640
Range = 0.62000










Standard Deviation = 0.05426
Range = 0.20000
Summary statistics for b
NumNumertc s 40
Mean = -0.79550
Standard Deviation = 0.10994
Range c 0.51000
Summery statistics for L
NumNumertc s 40
Mean = 35.540






Standard Deviation = 003231
Range = 0.11000




Standard Deviation = 0.1284 1
Summary statistics for L *
NumNumertc r 40
Mean = 90.2SO
Standard Deviation = 0.57275
Range = 2.3200
Summary statistics for a*
NumNumertc & 40
Meen = -2.1397
Standard Deviation = 1.4467
Range s 3.4400
Summary statistics for b *
NumNumertc & 40
Mean = 99.201
Standard Deviation = 4.1016
Range = 15.790
Summery statistics for L
NumNumertc 40
Mean 90.167
Standard Deviation e 0.54098
Renge 2.2300
Summary statistics for o*
NumNumertc s 40
Mean e -3.5845
Standard Deviation s 1.368 1
Renge = 3.1500
Summary statistics for b
NumNumertc :40
Meen s 91.200
Standard Deviation s 6.582 1
Range 2 1.4 10
Summery statistics for L *
NumNumertc = 40
rleen 3 90.6 16
Standard Deviation = 0.40277
Range = 2.2600
Summery statistics for 0*
NumNumertc = 40
Mean = -3.1347
Standard Deviation = 0.59159
Range = 1.4700
Summary statistics for b
NumNumertc s 40
Meen = 96.908
Standard Deviation = 2.6907
Range = 10.980




Summery statistics for L
NumNumertc = 40
Mean s 59.296






Standard Devietion = 0.85031
Renge = 3.0300




Standard Deviation = 0.82S9 1
Range = 3.1900










Standard Deviation = 0.87345
Range = 3.3100
Summery statistics for b
NumNumertc = 40
Mean = -44.709
Standard Deviation = 0.92107
Range = 4.1600
Summary statistics for L
NumNumertc s 40
Mean s 59.361













Stenderd Devietion -- 2 2673
Summery stetistics for L
NumNumertc = 40
Meen = 56.699






Standard Devietion = 1.5719
Renge = 5.9000




Stenderd Devietion = 1.0064
Renge s 3.5600
Summery stetistics for L
NumNumertc e 40
Meen = 53.550







Stenderd Devietion = 1.6482
Range s 7.6300




Stenderd Deviation = 0.82869
Renge = 2.7 100




Stenderd Devietion = 0.91786
Renge = 3.5800
Summery stetistics for e*
NumNumertc = 40
rteen = 70.289
Stenderd Deviation = 1499 1
Range = s.6400
Summery statistics for b
*
NumNumertc = 40
rte&n = -3.54 is





Summery stetistics for L
NumNumertc s 40
Mean = 22.316
Stenderd Devietion s 6.7256
Renge = 27.920
Summery statistics for a"
NumNumertc s 40
rteen s 0.3s ISO
Standard Devietion c 0.2770s
Renge = 0.95000






Summery statistics for L
NumNumertc s 40
neen s 23.302






Stenderd Deviation = 0.08930
?;enge s 0.41000
Summary statistics for b
NumNumertc = 40
rteen s -0.76900
stenderd Devietion = 0.20973
Renge = 1.0300
Summary statistics for L
NumNumertc = 40
rteen = 19.514












Stenderd Deviation = 040318
conge = 1.6200
Summery stetistics for I
NumNumertc 40
rteen = 90.923






Stenderd Devietion = 0.20 160
Renge = 0.09000




Standard Deviation = 2.1958
Range & 7.9300










Stenderd Devietion = 0.18469
Renge s o.eoooo
















Stenderd Devietion = 0.14261
Renge = 0.67000
Summery stetistics for b
*
NumNumertc = 40
rteen = 75.67 1
Stenderd Devietion = 2.32 16
Renge = 10.740




Summery stetistics for L
NumNumertc = 40
rteen = 55.567
Stenderd Deviation = 1.3337
Variance r t.7787
Summery stetistics for 0*
NumNumertc 40
rteen s 68.748
Stenderd Deviation = 2.4 172
Variance = 5.8428
Summery stetistics for b *
NumNumertc = 40
rteen = -6.2070
Stenderd Devietion c 1.0492
Variance: i.iooe
Summery stetistics for L
NumNumertc s 40
rteen = 55.481






Standard Devtetlon = 2.4254
Vertonce = 5.8824




Stenderd Devietion = 1.1626
Verience = 1.35 is










Stenderd Devietion = 1.862 1
Verience s 3.4674




Stenderd Devietion = 0 35243
Summery stetistics for I
NumNumertc = 40
rteen 56.471






Stenderd Devietion = 0.76085
Renge = 2.7300




Stenderd Deviation = 1.3359
Renge = 5.9300
Summary statistics for L
NumNumertc = 40
rteen = 57.592






Standard Deviation = 0.72044
Renge 2.ssoo




Stenderd Deviation = 1.0802
Renge s 4.4200
Summery stetistics for L
NumNumertc = 40
rteen s 60.636






Stenderd Devietion = 1.0147
Renge * 3.7000




Stenderd Devietion - 4.3304
Renge = 15.230
102
Calculation of Delta E For The Ottawa Image Map




Q aL - 0.88585
Qoa = 0.85031
Qob = 0.82591
Q AEbcyan = faaLf+Qczf+Qdof
Q AEbcyan = 3.1054
Q aL - 0.89423
Q oa - 0.87345
Qob = 0.92107
Q AEccyan - J(2 aL)2+(2 oa)2+(2
rjb)2
QAEccyan = 6.8559
Q aL = 2.426
Qoa = 0.85124




magenta AEa = 4.0144




Q AEbmagenta - J(2L)2+ (2 o*f+P
ob)2
magenta AEb - 4.1 193
OaL- 0.91592
Qaa- 1.6482
Q ob = 0.82869
O AEcmagenta -
7(2aL)2+(2oa)2+(2ob)2
^magenta AEc - 3.9165
OaL- 0.91786
Qaa= 1.4991
Q ob = 0.86308
Q AEayellow =
J(2oL)2+(2ca)2+(2d>)2
Q yellow AEa - 8.7736
Q aL = 0.57275





yellow AEb = 13.489








Q aL = 0.40277
Qaa = 0.59159





Q aL - 1.6428
Q aa - 0.04037
Oob = 0.1464
Q AEbblack - ^(2aLf+(2aaf+(2dof
blackAEb = 3.5357
Q aL - 1.7636
Q aa = 0.05426
? ob- 0.10994
Q AEcblack - J(2
cL)2
+(2 oaf+ (2 daf
^blackAEc = 4.7882




Calculation of Delta E For The Peterbourgh Image Map
At Two Standard Deviations Of The Mean
O AEacyan -
V(2aL)2+(2oa)2+(2ob)2
cyan AEa = 5.2217
QaL = 2.1102




^ cyanAEb = 3.2301
Q aL = 0.9605




cyan AEc - 13.819
Q aL = 5.2879
Qaa= 1.0147
Q ob = 4.3304
Q AEamagenta










Q aL = 1.3855







Q ob = 0.35243
O AEayellow -
V(2aL)2+(2aa)2+(2ob)2




Q AEb yellow -
V(2L)2+(2oa)2+(2ab)2
yellow AEb = 4.8894
OaL- 0.71992
Qaa = 0.18469
Q ob = 2.329
Q AEcyellow













Q aL = 6.7256
Q aa = 0.27705






O aa - 0.0893




O aL - 6.7256
O oa - 0.27575
Qob = 0.40318
108
CALCULATION OF DELTA E FOR THE COLOR MATCH
USING THE STANDARD EQUATION
Were
AEO=The original Color Guide compared to the standard lookup
table
112=The number in the Color Guide and changes for each spot
color











Q Aa = 6.8























Q AL - 5.86








AE01=The original Color Guide compared to the 2nd repeat
standard lookup table
112=The number in the Color Guide and changes for each spot
color
b= The screen tint percentage and ranges between 3% and 87%

































O AEo 1 14 1 d - (AL2+ Aa2+Ab2)2
141 AEod- 5.8038
O AL - 5.44
O Aa - 0.3
OAb-2
OAEoll67^-(AL2+Aa2+Ab2)2
167s AEo = 12.663




AEndl=The original Color Guide compared to the Trans/4
generated lookup table
112=The number in the Color Guide and changes for each spot
color















AEndl- 1 12/ = (AL2+Aa2+ Ab2)2
>112/ndlAE- 8.949
OAL -7.16
O Aa - 2.7
OAb--4.64
O AEndl 121s =(AL2+Aa2+Ab2)2
>121ndlsAE = 8.4195






AEndl- 121 d = (AL2+ Aa2+ Ab2)2
121ndlAEd = 5.958





















O AL - 0.93




MAP 31G1 NORMAL LOOK UP TABLE
MAP 31G1 NDL LOOK UP TABLE
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